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Effect of Prolonged High Sodium Chloride Ingestion and Withdrawal 


upon Blood Pressure of Dogs.* 


(18784) 


C. M. WitHEtmy, E. B. WALDMANN, AND T. F. McGurre. 


From the Department of Physiology and Pharmacology, Creighton University School of 
Medicine, Omaha, Nebr. 


The effect of salt ingestion upon blood pres- 
sure of dogs with renal hypertension or with 
partial renal insufficiency has been studied 
(1,2) but there seems to be a paucity of in- 
formation on the effect of excess salt ingestion 
on normal dogs. 


Methods. Three well trained, standard- 
ized dogs weighing 14.1, 16.3, and 15.3 kg 
were used. During the control period which 
lasted for approximately 2 months, the ani- 
mals were fed the kennel diet of Nutrena dog 
food. Blood pressure was determined by the 
auscultatory method of Allen(3) with certain 
modifications introduced by the authors(4). 


* Financed in part by a grant from the Nebraska 
Medical Foundation. 
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During the control and experimental period, 
blood pressure was determined 6 days each 
week. The daily values as recorded in Table 
I are the means of at least 10 consecutive 
readings. In the first phase of excess salt in- 
gestion, salt was mixed with the kennel diet 
and the animals were allowed water ad libi- 
tum. In Dogs I, II and III, the amount given 
was 30, 40 and 40 g daily. These amounts 
represented approximately 2.1; 2.5 and 2.6 g 
per kg, respectively. Dog I was kept on this 
regimen for 205 days; Dog II for 56 days, 
and Dog III for 154 days. In the second 
phase of excess salt ingestion which followed 
the first phase without interruption, the ani- 
mals were given a 2% sodium chloride solu- 
tion as the sole source of drinking water. This 
period lasted 49, 49 and 35 days in the 3 dogs 
and was terminated because of the advent of 
warm weather and evidences of toxic effects. 
The total time of excess salt ingestion (Phase 
I plus Phase II) was 254, 105 and 189 days. 

Results. Phase I. The results and the 
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TABLE I. Blood Pressure of Dogs on Excess Salt Intake. 
C. R. with 
Dog Conditions Mean DADy C. V.t controlt P§ N|| - 
if Control 95/50 7.2 7.6 == 32 
6.5 13.1 = = 
20 g NaCl 107/51 9.7 9 4.6 >.01 20 
Struggle 6.8 13.3 m3) <.50 
30 g NaCl 115/59 12.4 10.8 6 in 16 
Struggle is nae) 4.3 >-.01 
30 g NaCl 107/54 8.7 Sal 2.9 S50) Ad 
Basal 5.6 10.7 —~1.92 <.05 
2% NaCl 104/53 14.7 14,1 3.4 >.01 40 
Drink 9.1 17.2 1.6 <A 
After NaCl 78/37 6.4 8.2 8.5 >.01 18 
Stopped 6.8 18.4 6.6 >.01 
II Control 98/55 5.5 5.6 —_ — 44 
7.8 14.2 —_ — 
30 and 40 g NaCl 117/57 9.8 8.4 6.9 S00 14 
Struggle 10.2 17.8 .6 <.50 
40 g NaCl 97/51 2) 9.2 aff <.5 24 
Basal 6 11.8 2.4 >.02 
2% NaCl 108/49 13.5 13.1 2.16 >.01 39 
Drink 10 20.3 3 >.01 
After NaCl 84/41 6.6 7.9 8 >.01 18 
Stopped 4.8 11.6 8.6 >.01 
III Control 98/50 5.7 5.8 — = 40 
6.3 12.5 —- — 
30. and 40g NaCl 118/50 214 17.9 3.74 >.01 10 
Struggle 5.1 10.3 0 — 
40 g NaCl 101/45 6 6 1.37 <.10 9 
Basal 6.9 15.2 2 <.05 
2% NaCl 98/43 21.2 21.7 0 = 28 
Drink 19) 18.4 ae!) >.01 ¢ 
After NaCl 82/41 5.8 (ga 9.1 >.01 15 
Stopped 7 17 4.4 01 


* Std. dev. of mean. 
+ Coefficient of variation. 


¢ Critical ratio of mean experimental systolic and diastolic pressure compared with control. 
§ Probability that observed changes in the mean are not due to chance. 
|| No. of daily blood pressure determinations in each period. 


statistical analyses are shown in Table I. 
Any change in the mean values which was 
equal to or greater than the 5% level of con- 
fidence (P = .05) was considered significant. 
Each of the 3 dogs showed a similar pattern 
of reaction which could be divided into 2 
periods as follows: (A) The period of strug- 
gle. Immediately after starting the excess 
salt ingestion ‘the blood pressure began to 
show markedly increased daily variations, 
which were more pronounced in the systolic 
than in the diastolic pressure. The daily 
weight also began to show wide fluctuations 
sometimes as much as 1.5 kg in 24 hours, but 
the mean weight for any period was usually 
insignificantly different from the control 
weight. During this period of struggle, the 
mean systolic pressure was significantly ele- 


vated above the control value in all dogs. In 
only one dog, however, (Dog I on 30 g) was 
the, diastolic pressure significantly elevated. 
The duration of the period of struggle was 
variable, lasting from 9 to 21 days. (B) The 
salt basal period or period of compensation. 
Following the period of struggle the pressure 
began to show smaller daily fluctuations, and 
the previously elevated systolic pressure de- 
clined. These changes were interpreted as an 
adaptation or compensation to excess salt in- 
take. As soon as adaptation occurred the 
administration of excess salt was continued 
and the animals were subjected 'to a second 
type of stress, namely, confinement in a cage 
treadmill, which revolved between one and 
two miles per hour. They were kept in this 
cage for many periods ranging from 3 to 18 
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hours daily. The details of these experiments 
are not included in this paper. It will suffice 
to say that the initial effect of the second 
stress was a great increase in blood pressure. 
For example, following two consecutive nights 
in the revolving cage treadmill the blood pres- 
sure of Dog III rose to 215/80 and it required 
10 days to return to the previous level, when 
this stress was discontinued. Continuation of 
the second stress, however, resulted in adapta- 
tion and the increase-in blood pressure became 
small or insignificant. 

Phase II (2% NaCl as drinking water). 
The salt water was well tolerated and the in- 
take, which varied with the temperature, 
ranged from 500 to 3000 cc in 24 hours. The 
effect upon blood pressure was surprisingly 
small. In all 3 dogs, it differed but slightly 
from that during the salt basal or compen- 
satory period. The daily fluctuations in pres- 
sure were greater than in the period of strug- 
gle of Phase I as shown by the increased 
coefficients of variation. Body weight fluc- 
tuated markedly but the mean changes for 
the period were small. The results obtained 
in Phases I and II were clearly indicative of 
a progressively increasing adaptation to the 
ingestion of excess salt. 

Phase III (After discontinuation of excess 
salt intake). When excess salt administration 
was suddenly stopped, all 3 dogs immediately 
showed a marked and highly significant de- 
crease in both systolic and diastolic pressure 
below the control level which persisted for at 
least 3 weeks. The coefficients of variation 
for the systolic pressure decreased and ap- 
proximated the control values. 

A fourth dog was recently given 40 g of 
sodium chloride daily with the food for 18 
days and then given 2% sodium chloride solu- 
tion ‘to drink for 57 days (a total of 75 days 
on excess salt). At the end of 57 days of 
drinking 2% saline the animal became vio- 
lently ill and the experiment was terminated. 
The blood pressure of this dog showed less 
change during the period of excess salt in- 
gestion than was observed on the other 3, but 
when excess salt ingestion was stopped the 
blood pressure failed to drop below the con- 
trol value. Either the period of excess salt 
ingestion was too short or there are individual 
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differences in the ease with which this phe- 
nomenon can be induced. 


Discussion. It is obvious that sustained 
hypertension cannot be produced in normal 
dogs by the ingestion of excess salt, probably 
because the dog kidney has phenomenal 
ability to eliminate excess salt(5). The same 
observation has been made by Allen(13). 
The increases in the coefficients of variation 
suggest that fluid and mineral equilibrium 
was maintained by virtue of an intense strug- 
gle. Eventually the adaptive mechanisms 
became more efficient and the salt basal or 
compensation pressures were established, 
fluctuations in pressure, as indicated by the 
coefficients of variation then approached the 
control level. Saperstein et al.(6) have 
pointed out that when excess salt is ingested, 
but the animal allowed water ad libitum, the 
fluid intake may become so high that the ani- 
mal is able to excrete the excess salt. They 
state that fluid intake should be limited when 
excess salt is given and suggest that this be 
done by giving 2% saline solution as the sole 
source of drinking water. In rats this causes 
definite hypertension(6,7). In the present 
studies, Dogs I, II, and III had been on a high 
salt intake for 205, 56 and 154 days before 
2% saline ingestion was started and the 
adaptive mechanisms had become so _per- 
fected that elevation of blood pressure above 
ithe salt basal or compensatory level was en- 
tirely prevented in Dogs I and III. In Dog 
II there was a significant elevation of systolic 
pressure above the salt basal value (P >.05). 
This may be due to the fact that this dog had 
been on excess salt ingestion for a much 
shorter period than the other 2 dogs, hence 
the adaptive mechanisms were not as highly 
developed. 

The marked decrease in blood pressure 
following the sudden withdrawal of salt was 
an unexpected finding, the exact cause is un- 
known but we suggest the following hypothe- 


5. Ladd, M. and Raisz, L. G., Am. J. Phys., 1949, 
v159, 149. 

6. Saperstein, L. A., Brandt, W. L., and Drury, 
D. R., Am. J. Med., 1950, v8, 525. 

7. Saperstein, L. A. and Brandt, W. L., Fed. Proc., 
1950, v9, 112. 

13. Allen, F. M., Personal communication. 
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sis: During the prolonged period of high 
sodium ingestion, the secretion of mineralo- 
corticoids from the adrenal cortex dropped to 
low levels, since there was no need for con- 
servation of sodium. When excess sodium 
administration was suddenly stopped, the 
familiar phenomenon of glandular inertia oc- 
curred and mineralo-corticoid secretion re- 
mained low (in these experiments for at least 
3 weeks). ‘This hypothesis necessitates two 
other implications, (1) that mineralo-corti- 
coids are normally responsible for maintaining 
blood pressure at a higher level than it would 
be in their absence and (2) that excess salt 
ingestion per se, was responsible for maintain- 
ing the blood pressure above the post with- 
drawal level. It is important to .emphasize 
that during the period of low blood pressure, 
the animals showed no gross evidence of ad- 
renal insufficiency. The above hypothesis is 
supported by direct evidence obtained by 
cytological studies of the adrenal cortex. 
Deane, Shaw, and Greep(10), Selye and 
Stone(11), and Bacchus(12) have shown 
that when the sodium-potassium ratio is 
raised there is evidence of decreased activity 
in the glomerular zone. The administration 
of desoxycorticosterone produces _ similar 
changes. Lowering of the sodium-potassium 
ratio brings about changes indicative of in- 
creased activity in the glomerular zone. 

It may be significant that the blood pressure 
level after sudden salt withdrawal was of the 
same order of magnitude as the stable fasting 
level which we have found in dogs(4). Selye 
(8,9) has postulated that the amount of 
adaptation energy is limited so that when an 
animal has become resistant to one type of 
stress, it is highly susceptible to a second 


8. Selye, H., Encyclopedia of Medicine, Surgery 
and Specialties, F. A. Davis, 1943, v15, 15. ;: 

9. Selye, H., Am. J. Phys., 1938, v123, 768. 

10. Deane, H. W., Shaw, J. H., and Greep, R. O., 
Endocrinology, 1948, v43, 133. 

11. Selye, H. and Stone, H., Am. Lectures in En- 
docrinology, Publication No. 74, Ed. by W. O. 
Thompson, Charles C. Thomas Co., Springfield, 1950. 

12. Bacchus, H., Am. J. Physiol., 1950, v163, 326. 
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stress. In the present experiments prolonged 
confinement (up to 18 hours per day) in a 
slowly revolving cage treadmill was used as 
a second stress. The first effect was a marked 
and sometimes prolonged elevation of sys- 
tolic and diastolic pressure, but as the second 
stress was continued, the response became 
progressively less, hence adaptation to the 
second stress was marked even when the first 
stress was continued. It is possible that the 
second stress was not of sufficient intensity to 
elicit the effect described by Selye. It has not 
been possible to standardize the response to 
the revolving cage treadmill with sufficient 
accuracy to state whether dogs on high salt 
intake are more sensitive to this type of 
stress than normal dogs. - 


Summary. 1. Three well trained standard- 
ized dogs were given excess sodium chloride in 
the diet in amounts approximating 2.5 g per 
kg weight for 205, 56 and 154 days respec- 
tively. The first effect was a marked increase 
in the daily variations in blood pressure and 
a small but significant elevation of the systolic 
pressure. In only one dog was the diastolic 
pressure elevated. As excess salt ingestion 
was continued there was evidence of increas- 
ing adaptation characterized by a drop in the 
previously elevated systolic pressure. Adapta- 
tion finally became so highly developed that 
when the salt stress was increased by giving 
2% saline solution as the sole source of 
drinking water, 2 dogs showed no additional 
elevation in systolic pressure while one 
showed a small but significant elevation. 
2. After adaptation to salt was complete, a 
second stress caused elevation of both systolic 
and diastolic pressure but continuation of the 
second stress led to adaptation. 3. The sud- 
den withdrawal of excess salt after adminis- 
tration for 254, 105 and 189 days, respec- 
tively, was quickly followed by a marked and 
highly significant fall in both systolic and 
diastolic blood pressure, which persisted for 
at least 3 weeks. A possible cause for this 
drop in pressure is discussed. 


Received April 30, 1951. P.S.E.B.M., 1951, v77. 
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Effect of Excluding Pancreatic Juice from Duodenum on Secretory 


Response of Pancreas to a Meal. 


(18785) 


Davin ANNIS AND GEORGE A. HALLENBECK. 


From the Division of Surgery, Mayo Clinic, Rochester, Minn. 


In experiments in which all pancreatic 
juice is collected and thereby prevented from 
reaching its physiologic destination, an abnor- 
mal situation is created which could alter the 
natural pancreatic secretory process. We 
have carried out the following experiments to 
ascertain whether the postprandial secretory 
activity of the pancreas is modified when the 
juice is excluded from the duodenum. 

Methods. Pancreatic juice was obtained 
from 4 trained dogs by Scott and associates’ 
(1) modification of the method of Thomas 
and Crider(2). A metal cannula was in- 
stalled in the duodenum directly opposite the 
opening of the major pancreatic duct. At the 
time of this surgical procedure, the minor 
pancreatic duct was ligated and divided. 
During experiments the major pancreatic 
duct was cannulated, via the larger metal 
cannula, with a fine glass cannula. Between 
experiments the glass cannula was removed, 
the metal cannula was capped, and pancreatic 
juice flowed into the duodenum in a normal 
manner. Pancreatic secretion was stimulated 
by the feeding of 200 g of lightly cooked 
horse meat. Juice was collected for 3 hours 
after feeding. Four series of experiments were 
performed. In the first, all pancreatic juice 
was collected and withheld from the animals. 
In the second, pancreatic juice was collected, 
its volume was measured, and it was placed 
in the duodenum at intervals of 5 minutes. 
Thus, the animals retained the pancreatic 
juice they secreted, though they received it 
in bursts and from 0 to 5 minutes later than 
would have been the case under normal cir- 
cumstances. In the third, all juice was col- 
lected and withheld, but equivalent volumes 
of isotonic saline solution were placed into the 
duodenum, at intervals of 5 minutes. In the 


1. Scott, V. B., Collignon, U. J., Bugel, H. J., and 
Johnson, G. C., Am. J. Physiol., 1941, v134, 208. 

2. Thomas, J. E., and Crider, J. O., Am. J. Physiol., 
1940, v131, 349. 


fourth, all juice was collected and withheld, 
and a tenth normal solution of sodium bicar- 
bonate was continuously instilled into the 
duodenum through the Thomas cannula dur- 
ing ‘the experiment by means of a continuous 
drip apparatus of the type commonly used 
for intravenous fluid therapy. Fifteen cen- 
timeters of sodium bicarbonate were instilled 
during the 15 minute period preceding feed- 
ing, 120 cc per hour for the first 144 hours 
after feeding and 40 to 60 cc per hour for the 
second 144 hours after feeding. Thus the 
quantity of bicarbonate solution reaching the 
duodenum was from 2 to 4 or more times the 
quantity reaching it in the form of pancreatic 
juice during normal digestion. The volume of 
juice secreted was measured in all instances. 
Except when all juice was instilled into the 
duodenum, measurements were also made of 
alkali content by the method of Van Slyke(3), 
and of total nitrogen content by the micro- 
Kjeldahl technic. 

Results. Data regarding the volume, bi- 
carbonate content and total nitrogen in pan- 
creatic juice secreted during the first 3 hours 
after feeding are presented in Table I. Con- 
siderable variation occurred in the results ob- 
tained. When all juice was replaced into the 
duodenum, the volume of juice secreted by 
the 4 dogs in 3 hours averaged 40.7, 42.1, 
55.2, and 73% of comparable figures obtained 
when all juice was removed. Only in dog 3 
did the ranges of determinations overlap. We 
interpret the differences as being significant. 
Because all juice was replaced in this series 
of experiments, no values for bicarbonate or 
nitrogen content were obtained. 

When isotonic saline solution was substi- 
tuted for pancreatic juice in the duodenum, 
volumes secreted during the 3 hour period 
averaged 75, 92.8, 74.1, and 113.1% of the 
mean values obtained when all juice was re- 


3. Van Slyke, 
495. 


D. D., J. Biol. Chem., 1922, v52, 
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EXCLUDING PANCREATIC JUICE FROM DUODENUM 


TABLE I. Total Volume, Bicarbonate and Nitrogen in Canine Pancreatic Juice Secreted During 3 Hr 
After Ingestion of a Meal of Meat. 


No. of Vol., ml , Bicarbonaite content,mEq ,—— N content, mg—— 
Exp. Dog exp. Mean Range To* Mean Range %* Mean Range %* 
All juice 1 5 51.9 41.6- 64 100 6.5 4:9— 8.6, 100. 126 111-139 100 
removed 2 4 76 63.8— 85.1 100 10.5 8.4-12.1 100 200 180-236 100° 
3 7 148.5 91.7-176 100 21.9 13.1-26.9 100 206 156-256 100 
4 4 97.9 = S13 —11.6.2 00) 13.1 10.8-15.9 100 185 150-218 100 
All juice 1 4 211° .12:2— 26.5... 40.7 — = _— 
replaced 2 3 32 27.3— 38 42.1 = = = — — — 
3 if 81.9 45.2-112.4 55.2 — SN — — — 
4 4 71.5 | 56.4= 81.1. 73 a — — 
Juice re- 1 3 38.9 30.5— 52.1 75 5 31> Te 16.9" 124 108-140 98.4 
placedby 2 3 70.5. 2 69.6—e72,95 92.8 9.8 G:4—10.1 93.3, 196 139-240 98 
isotonic 3 4 1101 80.6-130.7 74.1 15.8 SOS aed oO 171-212 92.2 
saline sol. 4 3° 110-7.) 87.7-14429: dis 15.8 11.8-22.1 120.6 176 148-216 95.1 
HCOs sol. 1 3 21 15 — 27.9 40.5 2.3 21— 2.4 30.4), 98 65-136 73.8 
instilled 2 3 27.2. -28.5= 32.3 35.8 3 27— 3:6. 28.6 127 104-157 63.5 
into duo- 3 3 84.1 73; = 04 56.6 11 OIRO Ula bie 152—202 85 
denum + 2 dl 38.9— 63.2 52.1 6.4 4.2- 8.6 48.9 149 122-176 80.5 


* Mean values expressed as % of comparable values obtained when all juice was removed. 


moved and nothing was replaced into the 
duodenum. Ranges overlapped in all 4 dogs 
and we do not consider the differences to be 
significant. Likewise, replacement of juice by 
isotonic saline solution did not significantly 
alter the output of bicarbonate or nitrogen 
from that which occurred when nothing was 
substituted for the pancreatic juice. 

Introduction of the stated quantities of 
sodium bicarbonate solution into the duode- 
num, however, reduced the mean volume of 
pancreatic juice secreted to 40.5, 35.8, 56.6, 
and 52.1% of values observed when no re- 
placement was made, values essentially similar 
to those obtained when juice was returned to 
the duodenum. Again, ranges of determina- 
tions overlapped only in dog 3, in which the 
secretory response seemed more variable than 
in the other dogs. The total bicarbonate 
secreted was also markedly less when sodium 
bicarbonate was instilled into the duodenum. 
The total nitrogen, though less on the average 
than that observed when no bicarbonate solu- 
tion was placed in the duodenum, again 
showed overlapping of the ranges of values in 
3 of the 4 dogs and the difference is of doubt- 
ful significance. 

When data for successive samples collected 
during periods of 15 minutes were plotted 
against time, it was noted that when pan- 
creatic juice was replaced into the duodenum 
the general shape of the secretory curve re- 


mained unchanged though it was quantita- 
tively depressed. 

Comment. Of the 4 series of experiments 
in the present study, that in which pancreatic 
juice was returned to the duodenum most 
closely approximates the normal state. A 
similar quantity of juice was secreted when 
large amounts of sodium ‘bicarbonate were 
substituted for pancreatic juice. A larger 
quantity of juice was secreted when pan- 
creatic juice was excluded from the duodenum 
both with and without the intraduodenal 
instillation of a nonalkaline solution (isotonic 
saline solution). These events can be ex- 
plained by assuming that the alkalinizing 
effect of pancreatic juice normally secreted in 
response to a meal is sufficient to minimize 
the number of instances in which the pH of 
duodenal contents becomes low enough to 
activate the secretin mechanism, and that this 
alkalinizing effect does not occur when all 
pancreatic juice is excluded from the duode- 
num. If the acid-secretin mechanism played 
a dominant role in stimulation of postprandial 
pancreatic secretion one would expect instil- 
lation of an excess of alkali into the duodenum 
to result in a still lower volume of juice than 
that secreted when normally secreted pan- 
creatic juice alone was replaced. Since this 
was not the case, the data suggest that the 
acid-secretin mechanism does not play a 
major role in the response of the canine pan- 
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ALIZARIN INHIBITION OF CALCIFICATION 


creas to a meal of meat under normal circum- 
stances. Studies of the importance of products 
of digestion of protein and fat as pancreatic 
secretagogues and the discovery of pancreo- 
zymin have demonstrated other physiologic 
mechanisms capable of stimulating the pan- 
creas during normal digestion. The protec- 
tive role of the acid-secretin mechanism in in- 
stances of gastric hypersecretion seems un- 
questionable. Data concerning this concept 
have been reviewed recently by Thomas (4). 


Conclusions. 1. When canine pancreatic 


4. Thomas, J. E., The External Secretion of the 
Pancreas, Springfield, Illinois, Charles -C Thomas, 
1950, chap. 5, pp. 62-83. 


Probable Mechanism of Alizarin Inhibition of Calcification. 
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juice secreted in response to a meal was per- 
manently removed by the method used in 
these experiments, the total volume of juice 
secreted was significantly greater than was the 
case when the juice was replaced in the duode- 
num. 2. A similar reduction in the volume of 
postprandial pancreatic secretion occurred 
when tenth normal sodium bicarbonate solu- 
tion was instilled into the duodenum in place 
of pancreatic juice. 3. No similar reduction 
in secretion occurred when equivalent volumes 
of isotonic saline solution were substituted for 
pancreatic juice. 


Received May 2, 1951. P.S.E.B.M., 1951, v77. 
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GEORGE H. PAFF AND BENNETT SALLMAN. 


From the Departments of Anatomy and Bacteriology, Hahnemann Medical College, Philadelphia, Pa. 


Alizarin red S has been found to prevent 
calcification in embryonic metatarsals without 
interference with normal cartilage and fibrous 
connective tissue growth(1). This paper de- 
scribes our attempts to determine the mech- 
anism of the inhibition by observing the ef- 
fects of alizarin on the enzyme, phosphatase, 
as well as on the calcium and phosphate ions. 

Experimental. Alizarin and bone phospha- 
tase. Because of the diversity of materials 
and methods employed, these will be pre- 
sented along with our experimental results. 
The effect of alizarin on phosphatase produc- 
tion by many paired metatarsals and fibulas 
from 10-day-old chick embryos was studied 
first. One member of each pair was placed 
on the surface of a hanging drop consisting of 
equal parts of blood plasma and embryonic 
extract; the other member was treated simi- 
larly save that the medium contained one drop 
of a 1% Seitz-filtered aqueous alizarin solu- 
tion to 120 drops of medium. At this dye con- 
centration, calcification is inhibited. After 4 
days of cultivation both members of live and 


i. Paff, G. H., and Eksterowicz, F. C., Anat. Rec., 
1950, v108, 45. 


fixed (95% alcohol) preparations were placed 
either in calcium nitrate as controls or in 
glycerophosphate substrates for phosphatase 
visualization. The preparations were then 
treated with silver nitrate, washed with dis- 
tilled water and mounted in glycerine gelatin. 
Phosphatase was found abundantly distrib- 
uted in the paired bones from both the 
alizarin-containing and alizarin-free media. 
Thus, no indication of bone phosphatase in- 
hibition by alizarin in cultures was observed. 
The in vitro effect of alizarin on phosphatase 
was examined next. To chick alkaline bone 
phosphatase(2), assaying 46.8 Bodansky 
units per 100 ml(3), alizarin red S was added 
in an amount (0.6 mg per ml) approximately 
6 times that required to inhibit calcification 
in tissue culture. There was no significant 
reduction in phosphatase activity (45.2 Bo- 
dansky units per 100 ml). Since bone phos- 
phatase is not inactivated by alizarin either 


2. Martland, M., and Robison, R., Biochem. J., 
1929, v23, 237. 

3. Hawk, P. B., Oser, B. L., and Summerson, W. 
H., Practical Physiological Chemistry, 12th ed., Blak- 
iston, Philadelphia, 1949, p. 584. 
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in tissue culture or in the test tube, some other 
locus of dye action was sought. 


Alizarin and calcium. Since alizarin can 
form a lake with calcium, the question arose 
whether the calcification inhibition observed 
was due to disionization of calcium in the 
medium. The clotting time of the blood 
media with and without the presence of dye 
in calcification-inhibiting concentration was 
recorded to determine whether this amount of 
alizarin was removing calcium and hence de- 
laying clotting. The first appearance of fibrin 
threads on the cataract knife used for mixing 
was recorded as the clotting time. No differ- 
ence in clotting times was observed, How- 
ever, if the dye concentration was increased 
5 to 10 times the minimal calcification-inhibit- 
ing concentration, clotting was distinctly re- 
tarded. Further evidence that alizarin did 
not disionize the calcium in the medium in 
order to prevent calcification was obtained by 
comparing the behavior of 50-hour embryonic 
chick hearts grown for 2 days on alizarin- 
containing and dye-free media. New growth 
appeared from the cut ends of each type of 
preparation and the average rates of beat of 
the two types were practically identical, (94 
times per min. on alizarin; 114 times per min. 
on alizarin-free media). ‘Since activity of this 
kind cannot. occur unless the calcium ion is 
present (4), the conclusion is obvious. 

Litmus and calcification. Since litmus, like 
alizarin, is a dye having an affinity for cal- 
cium(5), we compared the two for effect on 
clotting time and calcification. A purified 
litmus was prepared from the crude dye(6), 
and a 1% litmus-Tyrode solution made. For 
both the clotting and calcification experi- 
ments, the clots were composed of equal parts 
of blood plasma and a mixture consisting of 
Tyrode solution, embryonic extract and the 
respective dye. The litmus concentration used 
was approximately 15 times greater than that 
of alizarin since it was found from preliminary 


4. Lewis, W. H., Carnegie Cont. to Emb., 1929, 
v20, 173. 

5. Mann, G., Physiological Histology, Clarendon, 
Oxford, 1902, p441. 

6. Clark, W. M., The Determination of Hydrogen 
Tons, Williams and Wilkins, Baltimore, 1928, p68. 
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TABLE I. Effect of Alizarin and Litmus on 
Paired Embryonic Chick Fibulas Grown in Media 
Containing the Respective Dyes. 


—Alizarin— —, -———Litmus——_,, 


Total Mineraliza- Total Mineraliza- 
Pairof length, tionzone, length, tion zone, 
fibulas mm mm mm mm 
1, 4 50 4,20 1 
2 4 Oo 4,25 15 
3 4.05 1.10 4 1.45 
4 4 eae) 4.10 1.10 
5 4,5 50 4.20 1.20 
6 4.40 1.05 4.35 1.25 
ff 3.60 50 3.60 Ay) 
Avg 4.08 73 4.10 1.03 


experiments that this concentration of litmus 
had an effect on clotting time but not on cal- 
cification. The average clotting time of 10 
litmus drops was 4 min. while that of an equal 
number of alizarin drops was 2.5 min. Ap- 
parently litmus, unlike alizarin, removed suf- 
ficient calcium ions from the medium to in- 
crease the clotting time. For a comparison of 
calcification in litmus and alizarin, the same 
media described for the clotting experiments 
were used. One member of each pair of a 
series of femurs, tibias, fibulas and metatarsals 
from 9-day-old chick embryos was placed on 
an alizarin clot and the other on a litmus clot 
and grown for 3 days. After this period, 2 
drops of alizarin-Tyrode solution (1 drop of 
a 1% aqueous alizarin solution to 59 drops of 
Tyrode solution) were added to each culture, 
litmus as well as alizarin, in order to visualize 
the extent of mineralization. After 5 hours, 
measurements of total lengths and of the 
lengths of the mineralization zones were made 
for each bone. Typical data for one such ex- 
periment on 7 pairs of fibulas are presented 
in Table I. It can be seen that average 
total lengths of the paired fibulas are prac-/ 
tically the same when grown in the presence 
of either dye. As regards the zones of min- 
eralization, however, the fibulas grown on 
litmus show about 40% more calcification 
than do those grown on alizarin (1.03 mm as 
against 0.73 mm). Unlike alizarin, then, lit- 
mus will not stop calcification in concentra- 
tions which interfere with the clotting process. 
It appears that, in the medium in general, a 
higher concentration of calcium ions is neces- 
sary to promote plasma clotting than is re- 
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quired for calcification. 

Alizarin and the medium. To determine 
whether alizarin inhibits calcification by ren- 
dering some constituent of the medium un- 
available to the growing bone, bones grown on 
alizarin medium were transferred to dye-free 
medium, As a precautionary measure, the 
bones were washed and placed side by side 
with the controls in dye-free medium. Over 
a period of 4 days, calcification was not re- 
sumed in the alizarin-stained bone although 


“the cartilage and fibrous connective tissue 


grew at a normal rate. In contrast, the con- 
trol bone of each pair always continued to 
show calcification as well as normal growth of 
cartilage and connective tissue. 


Discussion. These observations demon- 
strate that calcification can be stopped in 
tissue culture without inhibiting phosphatase 
and without removing the calcium and phos- 
phate ions to a significant degree from the 
medium in general. The effect of alizarin, 
therefore, must be on some other mechanism 
or at some specific locus within the hanging 
drop culture. We are inclined toward the 
latter supposition and will presently develop 
it more fully. 

Throughout the hanging drop medium 
there is a uniform and abundant distribution 
of phosphatase as well as calcium and phos- 
phate compounds. Under these conditions the 
concept of the operation of a local factor has 
been introduced to explain why calcification 
occurs only in one small area of the bone. 
Robison(7) favored the concept that there is 
a shift in pH toward the alkaline in regions 
where calcification is occurring. However, it 
has been shown that in cultures of embryonic 
chick femurs more calcification occurs at pH 
7.0 than at 8.0(8). This occurs despite the 
facts that the pH of chicken plasma is 7.8 to 
8.0(9) and that the optimal pH for chick 
bone phosphatase in the test tube is 9.85(10). 
In addition, bones growing on litmus have 


7. Robison, R., Biochem. J., 1926, v20, 388. 

8. Paff, G. H., Proc. Soc. Exp. Bion. anp Mep, 
1948, v68, 288. 

9. Cameron, G., Essentials of Tissue Culture Tech- 
nique, Farrar and Rhinehart, New York, 1935, p64. 

10. Motzok, I., Biochem. J., 1950, v47, 193. 


does not inhibit calcification. 


occasionally been observed to produce a dis- 
tinctly reddish color in the region where cal- 
cification is occurring. This finding agrees 
with the report by Rous(11) that the pH of 
bone in the living animal is 6.5 to 7.2. It has 
also been suggested that the local factor is a 
system comprising phosphorylase, glycogen 
and phosphate ions, whereby the amount of 
substrate upon which phosphatase can act is 
increased. We are cognizant that phospho- 
rylase may be active in our preparations but 
as yet we have been unable to test the action 
of alizarin upon it. 

Let us consider the apparent discrepancy 
between the results obtained with alizarin 
and those obtained with litmus. Although 
both dyes have an affinity for calcium, con- 
centrations of alizarin which do not retard the 
clotting process can stop calcification in tissue 
culture; concentrations of litmus which retard 
the clotting process will not stop calcification. 
The difference in calcification is probably re- 
lated to the availability of the calcium ion 
and the solubility of calcium alizarinate com- 
pared to the calcium-litmus complex. Since 
calcium in combination with alizarin is much 
less soluble than is the calcium-litmus com- 
plex, one would expect a concentration of 
calcium alizarinate in an area where the cal- 
cium ion is most available. This would be 
within the zone of mineralization if one is 
willing to accept the not unfounded idea that 
in this zone there is a drop in pH which is 
favorable to the increased ionization of cal- 
cium. In the case of bones growing in tissue 
culture, this localized binding of calcium by 
alizarin has the effect of stopping the process 
of calcification. The calcium-litmus complex 
does not produce the same stoppage because 
it is much more soluble. 

The clotting effects obtained with the two 
dyes are not contradictory in light of our 
calcification studies. They indicate that, in 
the medium in general, a higher concentration 
of calcium ions is necessary for clotting than 
for calcification. With litmus, clotting is in- 
terfered with at a dye concentration which 
With alizarin, 
calcification is stopped at a concentration of 


11. Rous, P., J. Exp. Med., 1925, v41, 739. 
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dye which does not affect clotting because the 
dye from the medium in general is concen- 
trated within the zone of mineralization. 

Our investigation has not found bone phos- 
phatase to be an important factor in alizarin 
inhibition of calcification. In conjunction 
with this finding, Siffert(12), in a publication 
appearing after the completion of this work, 
reported finding phosphatase activity asso- 
ciated with preosseous cellular metabolism and 
not with the process of calcification. 

Summary. Alizarin red S has been found 
to stop calcification without inhibiting the 
enzyme phosphatase either im situ or when 
added to solutions containing the enzyme ex- 


122," Siffert, RO Sis Bape Wed, 10st v93, sao: 


tracted from bone. It has been shown that 
alizarin inhibition of calcification is not due 
to removal of the calcium ion from the me- 
dium in general as evidenced by the facts that 
there is no interference with the clotting 
process of plasma or with the action of em- 
bryonic hearts. Supporting evidence is pre- 
sented from a study of bones growing on 
litmus-containing~medium and from bones 
stained with alizarin and transferred to 
alizarin-free medium. An explanation of 
alizarin stoppage of calcification based upon 
the idea that locally there is a drop in the pH 
is advanced. 


Received May 3, 1951. P.S.E.B.M., 1951, v77. 
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Whether the excessive release or depletion 
of high-energy adenosine polyphosphates is 
associated with pathogenesis has only recently 
been amenable to quantitative tests. Two 
pathological states in mice, both overtly char- 
acterized by wasting, were investigated in this 
regard: (1) that produced by whole-body 
X-ray irradiation; (2) that produced by a 
growing sarcoma implant. 

Irradiation. Methods and procedure. Rock- 
land Swiss male mice of 20-22 g in groups 
of 10 were simultaneously irradiated with 
a dual-tube X-ray machine.t A _ whole- 
body dose of 800 r was chosen as best suited 


* This project was supported in part by the U. S. 
Atomic Energy Commission, Contract No. AT(30-1)- 
863. 

+ Made available for our use through the courtesy 
of the Physics Dept., Memorial Hospital, New York 
City. KV—180; MA—25; distance from targets 
to mice—30 cm; delivery—480 r/min; diameter of 
aluminum-grill mouse container—16.6 cm; depth of 
container—3 cm. 


(grams ) 


Body wt. 


Days after irradiation 


FIG. 1. Mean Body Wt of 20 Male Mice Following 
a Whole-Body X-ray Dose of 800 r, Plotted 
Against Time. 


to the experiment, as at this dosage a weight 
loss and general wasting was clearly evident 
after 48 hours (Fig. 1); deaths began on the 
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mice alive 


No. 


2 4 6 8 10 


Days after irradiation 


FIG. 2. Typical Survival Ourve of 20 Male Mice, 
Following a Whole-Body X-ray Dose of 800 r. 


4th day (Fig. 2), and all the mice were dead 
by the 11th day following irradiation. In one 
experiment a dose of 1000 r was used. Ani- 
mals were sacrificed at various times after ir- 
radiation; hematocrit and nucleotide de- 
terminations were made on their blood. The 
technic for blood removal was as follows: the 
mice were anesthetized with parenterally in- 
jected nembutal, and the thoracic cavity was 
opened to expose the heart. Cardiac puncture 
was made with a No. 27 hypodermic needle 
into whose syringe 0.02 ml of an aqueous 5% 
heparin solution had previously been drawn. 
Usually about 1 ml of blood was withdrawn 
from each mouse, although in the advanced 
stages of irradiation sickness a diminution of 
total blood meant that less blood could be 
withdrawn than from non-irradiated mice. 
In these cases, enough mice were sacrificed 
from the same group to yield a total blood 
pool of 5 ml, the heparin content not exceed- 
ing 1 mg/ml. Neither nembutal nor the 
heparin, by test, interfered with the accuracy 
of the nucleotide assay. The analyses were 
carried out with 1 ml aliquots of blood, which 
were immediately deproteinized with 4 vol- 
umes of cold 2% perchloric acid. The protein 
precipitate was washed with an additional 
volume of cold 2% perchloric acid. The com- 
bined supernatant solutions, collected after 
centrifugation, were adjusted to pH 7 and 
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made to a final volume of 10 ml. In some 
experiments, the cell sediment, or the serum 
withdrawn after centrifugation, were depro- 
teinized and a protein-free filtrate prepared in 
similar fashion. Total nucleotide, and known 
nucleotide (adenylic acid, AA; adenosine di- 
phosphate, ADP; and adenosine triphosphate, 
ATP) were assayed spectrophotometrically 
according to the method of Albaum and Lip- 
shitz(1). In brief, total nucleotide was de- 
termined from the density reading at 2600 A. 
The known nucleotide (AA, ADP, and ATP) 
levels were determined with specific enzymes. 
ADP and ATP were converted to AA and the 
latter in turn to inosinic acid in accordance 
with the following reactions: 


adenylic acid deaminase 


(2) AMP — Inosinie acid 
Myokinase 
(2) 2ADP —— ATP -+ AMP 
hexokinase 


(3) ATP + glucose ——————> ADP +4 glucose- 
6-phosphate 


This procedure has already been used for the 
measurement of these compounds in human 
blood (2). 

Results. The alterations in mean body 
weight plotted as a function of days after 
irradiation is shown in Fig. 1. It is evident 
that a sharp decrease in weight begins about 
24 hours after irradiation. Blood samples 
were assayed for total and known nucleotides 
at intervals of 2, 3, 4, 5, 6, and 8 days after 
irradiation. No consistent changes in either 
total nucleotide or in individual known nu- 
cleotides, as compared to non-irradiated con- 
trols, were observed. Nor did hematocrit 
levels change significantly during this period. 
The data for all the runs are shown in Table 
I. As indicated in the lower portion of Table 
I, such differences as occurred in the blood of 
irradiated and control mice, regarding total 
nucleotide and known nucleotides, are with- 
out statistical significance. Similar experi- 
ments carried out on red cells alone and serum 
alone revealed no significant differences be- 
tween irradiated and non-irradiated mice. 


1. Albaum, H. G., and Lipshitz, R., Arch. Biochem , 
1950, v27, 102. 

2. Albaum, H. G., Cayle, T., and Shapiro, A., J. 
Clin. Invest., in press. 
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TABLE I. Total Nucleotide and Known Nucleo- 
tide Content of Whole Mouse Blood from Irradi- 
ated and Control Animals. The experimental values 
for mice sacrificed at varying times (see text) after 
irradiation showed no significant differences, and 
are therefore presented below in summated form. 
The figures in the ‘‘ Known nucleotide’’ columns 
may be considered substantially to represent the 
ATP levels in the blood under test, for most of the 
known nucleotide was present as ATP. In only a 
few cases were AA and ADP detected, and their 
trace appearance showed no significant relation to 
one animal group or the other. 


Control Irradiated 
group group 
een ima 
g fee S A eo 
je: Gea eee? 
g = S oor SS Sen 
$3 Had ee Fea 
Ee Meq S25 MEd 
No. of mice 39 39 34 32 
Mean value: 13:3 7 12.8 6.1 
mg % 
Range 10.6-17.2 4.7-10.5 8.6-17.9 2.9-9.4 
Stand. dey. 1.68 AN 2.36 1.89 
S. E. mean 127 .20 43 1.06 
Coeff. variab. 12.7% 18.1% 19.2% 30.9% 


Total nucleotide: S. E. difference .55 
d—control group, exper. group .5 
a) 
d/S. E. ——- = .91 (no significance) 
55 
Known nucleotide: S. E. difference 1.07 
d-control group, exper. group .9 
68) 
d/S. E. —— = .84 (no significance) 
1.07 


% packed cells 42.5 39.4 


in blood. Mean* 


* Range of individual values approximately the 
same for both groups. 


Sarcoma growth. Methods and procedure. 
During the course of the experiments de- 
scribed above, exploratory observations were 
made also on the nucleotide levels in the blood 
of mice bearing implanted tumors. Prelim- 
inary results appeared to justify more ex- 
tended experiments in this direction. Accord- 
ingly, large groups of Rockland Swiss male 
mice, 20-22 g, were implanted with sarcoma 
180, using a trocar technic(3) for sub- 
cutaneous deposition of the tumor tissue frag- 
ment in the axillary position. Groups of such 
tumor-bearing mice were sacrificed at daily 


3. Zahl, Paul A., and Drasher, M. L., Cancer Res., 
1947, v7, 605. 
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intervals from the time of implantation to 17 
days. Blood was taken under the same con- 
ditions as for the irradiated mice described 
above; and the same assay procedure for 
total and known nucleotides was followed. 
Recorded also at time of sacrifice were hema- 
tocrit, hemoglobin, body weight, and wet 
tumor weight. 

Results. The~alteration in body weight 
from the-time of tumor implantation to the 
time of sacrifice is shown in Fig. 3. It is 
apparent that during the first 10 days there 
was no significant wasting as a result of tumor 
implantation and growth. The increase in 
tumor weight as a function of time is shown 
in Fig. 4. Tumor weight increased markedly 
from about the third day to the 12th, and then 
decreased. It was also observed that at about 
the 12th post-implantation day, many tumors 
ulcerated and much of their mass was ingested 
by the animals, leaving an open shell which 
was often cast off or resorbed. Such ingestion 
undoubtedly accounts for the drop in tumor 
weight during this period; while toxemic ef- 
fects of the necrotizing tumor may well ac- 
count for the body weight loss during this 
period, It should be pointed out that ulcera- 
tion and tumor ingestion do not occur in all 
the mice. Many tumors after the 12th day 


10 


@ 


Body wt. differences. (grams) 
Q 


3 6 9 12 15 


Days after tumor implantation 
FIG. 3. Body Wt Changes in Mice Following Tu- 
mor Implantation, Points represent the differences 
between the mean body wt for all the mice (75) at 
the beginning of the experiment and the mean for 
each group of 5 sacrificed daily for blood deter- 
minations. 
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Wet tumor wt. (grams) 


3 6 9 12 15 
Days after tumor implantation 
FIG. 4. Wet Wt of Tumors Plotted Against Days 
After Implantation. Each point represents the 
mean for 5 animals. 


% ATP as adenine 


Mgms. 


3 6 9 oles 15 


Days after tumor implantation 


FIG. 5. ATP in the Blood of Mice Sacrificed at 
Daily Intervals Following Tumor Implantation. 
Each point represents the mean for 5 animals. 


grow to massive proportions before the animal 
succumbs. The drop in the tumor weight 
curve after the 12th day obviously reflects the 
mean weights of both the partially ingested 
tumors and the non-ingested large ones. 

No significant change was observed in the 
total nucleotide blood level during the ob- 
served 17 days of tumor growth. These data 
are not presented because their range and 
mean values were not significantly different 
from those in Table-I for the irradiated and 
control mice. As to known nucleotides, there 
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were only occasional trace amounts of AA or 
ADP, and these traces showed no consistent 
relation to one animal group or another. The 
bulk of the known nucleotide material was in 
the form of ATP and is presented as such in 
Fig. 5. After the first post-implantation day 
there appears to be a slight rise in blood ATP, 
followed by a sharp decrease which parallels 
the increase in tumor weight for this period. 
It appears, further, that the ATP level of the 
blood begins to increase again at the time 
when the tumor and whole body weights 
begin to decrease. 

ATP in the blood is normally found in the 
red cells, not in the plasma. One may there- 
fore argue that the decrease may be related to 
the hematocrit. That there is no relationship 
between blood ATP and hematocrit values 
until at least the 10th day is shown in Fig. 6. 
At the 10th, 11th, and 12th days when the 
ATP is lowest, the hematocrits are not sig- 
nificantly different from what they were be- 
fore tumor implantation; a significant drop in 
the hematocrit begins with the 13th day along 
with the drop in body weight. There is too 
much variation in the hemoglobin values 
(Fig. 7) to justify any correlation, although 
the drop after the 13th day appears to be a 
consistent one. 

If blood ATP is related to tumor growth, 
as would be supposed from the data of Fig. 


60 


% packed cells in blood 


30 


3 6 9 12 15 


Days after tumor implantation 
FIG. 6. Hematocrit Readings for Mice Sacrificed 
at Daily Intervals Following Tumor Implantation. 
Each point represents the mean for 5 animals. 
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Days after tumor implantation 

FIG. 7. Hemoglobin (Haden-Hausser) Readings 


for Mice Sacrificed at Daily Intervals Following 
Tumor Implantation. Each point represents the 
mean for 5 animals, 


4 and 5, then tumor removal might also be 
expected to result in a rise of the level of blood 
ATP. This was tested. A technic was de- 
veloped for removing five 10-day-old tumors 
without excision and with minimum trauma. 
This consisted of a single basal ligature which 
instantly stopped all vascular- interchange be- 
tween tumor and host body. Details of the 
technic are described elsewhere(4). One ex- 
periment consisted of extirpating 7-day tu- 
mors, After a recovery period of 2 days, the 
animals were sacrificed and their blood ana- 
lyzed. Another experiment consisted simi- 
larly of extirpating 10-day tumors. The ani- 
mals were sacrificed after a 5-day recovery 
period, and their blood analyzed. Not much 
alteration in ATP level occurred in the 2-day 
extirpation experiment, but considerable re- 
turn toward the normal ATP level was ap- 
parent in the 5-day animals (Table II). 
Discussion. We have observed no change 
in the nucleotide content of blood of mice 
undergoing post-irradiation wasting, a condi- 
tion in many respects resembling shock. 
Green(5) reported a similarity between shock 
produced by injected myo-adenosine triphos- 
phate and that produced by trauma. Meyer 
et al.(6) and McShan e¢ al.(7) have proposed 


4. Zahl, Paul A., Science, in press. 
5. Green, H. N., Lancet, 1943, 147. 
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that the induction of shock may be favored by 
exhaustion of the energy store in blood and 
tissues represented by these purine deriva- 
tives. Kalckar and Lowry(8), on the basis 
of adenosine levels in the blood of traumat- 
ically shocked rabbits, concluded that aden- 
ylic acid components play no primary role in 
the etiology of shock; in addition, they found 
that the injection of adenosine deaminase, 
adenyl-pyrophosphatase, and alkaline phos- 
phatases—materials expected to counteract 
any toxic action of ATP—did not alleviate 
traumatic shock. 


In a further effort to illuminate the hy- 
pothesis that adenosine derivatives are shock- 
inducing, we injected ATP as sodium salt 
(purity: >90%) into mice. Parenteral doses 
of as high as 50 mg in 20 g animals failed to 
elicit overt symptoms of shock; indeed were 
wholly without observable toxicity. All mice 
so treated survived indefinitely. Intravenous 
doses of 20 mg were acutely lethal, but 10 mg 
doses were easily tolerated and did not induce 
shock-like symptoms. Higher parenteral doses 
were not attempted as being beyond the range 
of meaningful physiological experiment. These 
observations together with our failure to ob- 
serve changes in the nucleotide content of 
blood of mice undergoing post-irradiation 
wasting, leads us to doubt that adenosine 
derivatives released into the blood stream by 


TABLE II. ATP Levels in Whole Blood from 
Control Mice, Tumor-Bearing Mice, and Mice after 
Tumor Extirpation. 


No. of ATP mg % 

Type of animal animals (mean ) 
Control 8 7.3 
With 7-day tumor 7 5 
With 7-day tumor; 7 5.3 

2 days after 

extirpation : 
With 10-day tumor 8 3.4 
With 10-day tumor ; 8 5.9 


5 days after 
extirpation 


6. Meyer, R. K., McShan, W. H., Goldman, A., 
and Shipley, E. G., Am. J. Physiol., 1946, v147, 66. 

7. McShan, W. H., Potter, R .V., Goldman, A, 
Shipley, E. G., and Meyer, R. K., Am. J. Physiol., 
1945, v145, 93. 

8. Kalckar, H. M., and Lowry, O. H., Am. J. 
Physiol., 1947, v149, 240. 
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injured tissues constitute a primary factor in 
shock, at least in so far as irradiated mice are 
concerned. 

As to the marked ATP drop in the blood of 
tumor-bearing mice, little may at the present 
time bé ventured in the way of interpretation. 
Whether this change in blood composition 
specifically reflects the tumor growth process, 
or whether it is merely a non-specific reaction 
to toxic materials released by a necrotizing 
lesion in the course of tumor growth, remains 
to be demonstrated. On such demonstration 
will depend the possible usefulness of our ob- 
servation as a diagnostic tool. Also moot 
and as yet uninterpretable is the fact that 
total nucleotide levels during tumor growth 
do not change, whereas those of known nu- 
cleotide (ATP) do. 

Summary. No changes were observed in 
the blood levels of total nucleotide or of aden- 
ylic acid, adenosine diphosphate, or adenosine 
triphosphate during the wasting period that 
follows whole-body X-ray irradiation of mice. 
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Massive injected doses of ATP failed to in- 
duce overt symptoms of shock in mice. 

In mice bearing implanted tumors there is 
a continuous decrease in blood adenosine tri- 
phosphate until about the 10th post-implanta- 
tion day, followed thereafter for several days 
by a slight but significant rise in the ATP 
curve. The first phase of this curve parallels, 
on the time scale, the increase in tumor 
weight. Mice whose tumors were extirpated 
at stated intervals after implantation show a 
tendency to return to the normal ATP blood 
level. There is no apparent relation between 
changes in ATP blood levels and body weight, 
cell-fluid ratio in the blood, or hemoglobin, 
at least up to the 10th post-implantation day. 
No significant changes were observed in the 
total nucleotide values for blood during tumor 
growth; nor was the adenylic acid or the 
adenosine diphosphate picture different from 
that of normal mice. 


Received May 14, 1951. P.S.E.B.M., 1951, v77. 
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Neutralizing antibodies to the virus of 
Western Equine Encephalomyelitis (WEE) 
have been demonstrated many times in the 
sera of wild and domestic birds(1,2). This 
virus has been recovered only once from wild 
birds. Cox, Jellison and Hughes(3) isolated 
it from the brain and spleen of a prairie 
chicken shot August 27, 1941, near Rugby, 


* Encephalitis Investigations Unit, Office of Mid- 
western CDC Services; Kansas City, Kan. 

t Virus and Rickettsia Section, Montgomery, Ala. 

1. Howitt, B. F., and Van Herick, W., J. Inf. Dis., 
1942, v74, 179. 

2. Reeves, W. C., Proc. of the 49th Ann. Meet. of 
the U. S. Livestock Assn., p150. Dec. 1945. 

3. Cox, W. R., Jellison, W. L., and Hughes, L. E., 
Pub. Health Rep., 1941, v56, 1905. 


N. D. The present paper reports 3 isolations 
of the WEE virus from the circulating blood 
of nestling wild birds in Weld County, Colo. 

As part of an extensive search for the 
natural reservoirs of encephalomyelitis viruses, 
1941 blood specimens were collected from 
nestling birds of 20 species (Table I). Col- 
lection of these was begun the first week of 
May and continued throughout the summer. 

Technic of taking blood samples was as 
follows: Blood was obtained from nestlings 4 
or more days old. A blood sample consisted 
of approximately 0.1 ml of blood withdrawn 
by cardiac puncture or from a wing vein into a 
syringe containing an equal volume of 10% 
inactivated normal rabbit serum in buffered 
saline. Each sample was placed separately 
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TABLE I. Nestling Birds’ Bloods from Weld County, Colo. 1950 Tested for Virus. 
May June July August Sept. Total 
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Pigeon 35 20 93 57 68 41 125 76 122 76 443 270 0 
Barn swallow ve 2 91 22 45 11 10 4 153 39 0 
Oliff swallow 32 11 108 46 36 A eN 176 72 0 
Magpie 98 16 121 33 5 2 224. 51 1 
English sparrow 12 5 96 29: 162 48 45 14 315 96 0 
Yellow-headed 27 12 49 24 76 36 0 

blackbird 
Red-winged 45 17 10 3 55 20 2 
blackbird 

Other birds* 6 1 33 12 8 4 2 1 49 18 0 
Total 151 = 42 454 173 DOLE! 190 253 117 1382 80’ 149% 1602 3 


* Other birds included cormorant, great blue heron, marsh hawk, killdeer, avocet, mourning dove, 
long-eared owl, flicker, dipper, meadow lark, bullocks oriole, and bronzed grackle. 


into a small tube and refrigerated immediately 
in a thermos flask containing wet ice. The 
tubes of diluted blood were sealed by means 
of an oxygen torch at the field laboratory and 
then stored on dry ice for shipment by 
air express to the Virus and Rickettsial 
Laboratory at Montgomery, Ala., to be tested 
for the presence of virus. The method of 
examining bloods for virus was as follows: 
Each blood sample was inoculated intracere- 
brally (0.02 ml) into 12- to 14-day-old white 
mice. No virus was recovered from any of 
the specimens except from the three mentioned 
earlier. The mice given the blood from these 
birds either died or became ill in 2 to 5 days. 
The brains of mice which died or showed 
symptoms of encephalitis were removed. Sus- 
pensions of these mouse brains were cultured 
and those free from bacteria were inoculated 
intracerebrally and intraperitoneally into 14- 
day-old mice, which either died or showed 
symptoms of encephalitis in 3 to 5 days. 
The 3 infective agents also proved to be patho- 
genic for guinea pigs. 

After several serial passages in mice, identi- 
fication of the viruses was undertaken. Each 
strain passed through a Seitz filter, was free 
from bacteria and was lethal to mice in a 
dilution of 107-® to 10°*:7.. By means of the 
neutralization test in mice each virus was 
found to be inactivated by antiserum of the 
Western equine encephalomyelitis virus, but 
not by antisera of the Eastern equine en- 


cephalomyelitis nor the St. Louis encephalitis 
viruses. The identification was completed by 
challenge inoculations of Western equine im- 
mune guinea pigs. 

It was deemed noteworthy that the above 
procedures resulted in Western equine en- 
cephalomyelitis virus being isolated on 3 oc- 
casions from the blood of nestling wild birds 
obtained by the Encephalitis Investigations 
Unit working in Weld County, Colo. (Table 
I). Two of the bloods were from red-winged 
blackbirds (Agelaius phoeniceus), 8 to 10 
days old, and one was from a magpie (Pica p. 
hudsonia), 21 days old. The red-winged 
blackbirds were from nests found near Nunn, 
Colo. and the infected blood samples were 
taken on June 26 and 30, respectively. The 
magpie was in a nest 10 miles south and 2 
miles east of Greeley, Colo., and was bled 
June 29th. 


The viruses differed slightly from the stock 
Western equine encephalomyelitis virus in 
having (a) a lower virulence for guinea pigs 
and (b) a slightly longer incubation period 
when first isolated, but otherwise serologicaily 
and immunologically similar to the stock 
Western equine encephalomyelitis strain. 


Summary. Virus of Western equine en- 
cephalomyelitis was isolated on three occasions 
from circulating blood taken from nestling 
birds in Weld County, Colo. in June 1950. 
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Encephalitis in Midwest V. Western Equine Encephalomyelitis Virus 
Recovered from Mites Dermanyssus americanus Ewing. (18789) 


Virort I. Mires,* Beatrice F. Howirrt,t RacHareL Gorriz,t anp T. AIDAN 
CocKBURN.* 


From the Communicable Disease Center, Public Health Service, Federal Security Agency, 
Atlanta, Ga. 


During routine testing for natural infection 
with neurotropic viruses, the virus of Western 
equine encephalomyelitis (WEE) was re- 
covered from a collection of approximately 
500 mites obtained from a nest of an English 
sparrow, Passer domesticus, in Weld County, 
Colorado, July 18, 1950, and identified as 
Dermanyssus americanus Ewing. 


The mites were collected through a Berlese 
funnel, sealed in glass tubing, and while still 
alive, were frozen in dry ice and sent frozen 
to the Virus and Rickettsial Laboratory at 
Montgomery, Ala. for test. In the laboratory 
the mites were triturated in a sterile mortar 
with buffered saline containing 30% by vol- 
ume of inactivated normal rabbit serum, di- 
luted to a volume of 1.5 ml and the suspension 
centrifuged in a cold room at 13,000 rpm in 
an angle centrifuge. The supernatant fluid 
was then inoculated both intracerebrally (0.02 
ml) and intraperitoneally (0.04) into 12- to 
14-day-old white mice. The brains of mice 
which died or showed symptoms of encepha- 
litis were removed, tested for bacteria, and 
suspensions of them inoculated intracerebrally 
into fresh mice. 


An agent was thus isolated which had the 
following characteristics: it passed through a 
Seitz filter pad, was free from bacteria, was 
lethal to mice in a dilution of 10° to 10°85 
and was neutralized by an antiserum.of WEE 
virus, but not by that of the Eastern equine 
encephalomyelitis or the St. Louis encephalitis 
viruses. The identification of the virus as that 
of the Western equine ‘type was completed by 
the challenge inoculation of guinea pigs pre- 
viously immunized against this virus. 

The sparrow nest was taken from an open 
cattle shed on a farm where a human case with 


* Encephalitis Investigations Unit, Office of Mid- 
western CDC Services, Kansas City, Kan. 
7 Virus and Rickettsia Section, Montgomery, Ala. 


symptoms of encephalitis had recently oc-. 
curred. The patient was a 14-year-old boy 
who became ill on July 7, 1950. Antibodies 
neutralizing the Western equine encephalo- 
myelitis virus were demonstrated in the serum 
withdrawn from the patient July 11th, the 
neutralization index being 50. A later serum 
sample drawn August 24th had an index of 
only 36, however, and did not indicate infec- 
tion with Western equine encephalomyelitis 
virus since a rising ‘titre of antibodies was not 
demonstrated. 

Heart blood from a 9-day-old nestling occu- 
pant of the nest from which the virus-posi- 
tive mites were taken was tested for the 
presence of virus, but none was isolated. 
Furthermore, no virus was recovered from the 
combined heart bloods of five 12- to 14-day- 
old nestlings from an additional English 
sparrow nest in the same building, nor from 
a collection of about 125 D. americanus in- 
festing the nest. 

The virus recovery here reported was the 
only isolation of a neurotropic virus in tests of 


TABLE I. Mite Lots from Birds’ Nests, Weld 
County, Colo. Tested for Presence of Neurotropic 
Viruses, May-August, 1950. 
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English 28* 3 2 8 1 42 
sparrow 
Barn 5) 10 2 1 3 21 
swallow 
Pigeon 9 1 1 11, 
Magpie if 1 2 
Northern 1 1 
cliff swallow 
Double-crested 1 1 
cormorant 
Total 35 23 5 9 2 4 78 


* WEE virus isolated from one lot, July 18, 1950. 
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a total of 78 lots of Dermanyssus and 
Liponyssus mites from wild birds’ nests col- 
lected in Weld County, May through August, 
1950. The bird nest sources of the mites and 
the species tested are presented in Table I. 

The tests were made on approximately 500 
mites sealed for each nest, except where this 
number was not available, as at the first part 
of the nesting season. Mite species determina- 
tions were based on samples of usually 10 to 
30 specimens preserved in alcohol from each 
nest. The methods of collecting and of test- 
ing as described above in the recovery of WEE 
virus were used in all tests. 

Identification of the mites from the virus- 
infected lot was made on 34 specimens, all D. 
americanus, 6 males, 26 females and 2 nymphs. 
This is the first definite recovery of a neuro- 
tropic virus from D. americanus, although 
Reeves and his associates(1) obtained evi- 


1. Reeves, W. C., Hammon, W. McD., Furman, 
D. P., McClure, H. E., and Brookman, B., Science, 
1947, v105, 411. ; 


EEE From Mosovuito 


dence of a possible infection of this mite with 
WEE virus in Kern County, California, where, 
in recoveries of the virus from Liponyssus 
sylviarum, they found D. americanus included 
with L. sylviarum in one pool of mites found 
infected with WEE virus. Natural infec- 
tions with this virus have been reported from 
the chicken mite Dermanyssus gallinae by 
Sulkin(2) and-from the tropical fowl mite 
Liponyssus bursa by Sulkin and Izumi(3). 


Summary. Virus of Western equine en- 
cephalomyelitis was isolated from mites 
(Dermanyssus americanus) collected in Weld 
County, Colo. in July 1950. 


Grateful acknowledgment is given to Assistant 
Sanitarian (R) John E. Lane of the Entomological 
Section, Laboratory Services, CDC, Atlanta, Ga. for 
identification of the mites. 


2. Sulkin, S. E., Science, 1945, v101, 381. 
3. Sulkin, S. E., and Izumi, E. M., Proc. Soc. 
Exp. Bior. Anp Mep., 1947, v66, 249. 
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Recovery of Virus of Eastern Equine Encephalomyelitis from a Mosquito, 
Culiseta melanura (Coquillett)* (18790) 


Roy W. CHAMBERLAIN, Harry Rusin, R. E. Kisstinc, AND M. E. Eipson. 
(Introduced by Morris Schaeffer.) 
From the Communicable Disease Center, Public Health Service, Federal Security Agency, 
Atlanta, Ga. 


Although the virus of eastern equine en- 
cephalomyelitis has been transmitted by sev- 
eral species of Aedes mosquitoes in the labora- 
tory(1,2) and is generally considered to be 
arthropod-borne, isolations from arthropods 
in nature have been few. Howitt e¢ al.(3) 
made the first isolation of EEE virus from 
wild-caught arthropods when they recovered 


* This note constitutes part of an investigation on- 
encephalitis in Louisiana conducted by the Virus and 
Rickettsia Section, Montgomery, Ala. 

12 Merrill; M.-H: Lacaillade, DB? W.) Js, and 
TenBroeck, C., Science, 1934, v80, 251. 

2. Davis, W. A., Am. J. Hyg., 1940, v32, 45. 

3. Howitt, B. F., Dodge, H. R., Bishop, L. K., and 
Gorrie, R. H., Proc. Soc. Exp. Biot. anp Mep., 1948, 
v68, 622. 


it from common chicken mites (Dermanyssus 
gallinae (De Geer) ) and chicken lice (Kome- 
nacanthus stramineus (Nitzsch)), collected in 
Tennessee in 1947. The only other isolation 
of EEE virus from arthropods in nature has 
been from a mosquito, Mansonia perturbans 
Walker in Georgia, also reported by Howitt 
et al.(4). 

Western equine encephalomyelitis, on the 
other hand, has been recovered from wild- 
caught Culex tarsalis Coquillet(S), Culiseta 
inornata (Williston), Culex pipiens Linnaeus 
and Anopheles maculipennis freeborni Aitken 


4. Howitt, B. F., Dodge, H. R., Bishop, L. K., and 
Gorrie, R. H., Science, 1949, v110, 141. 

5. Hammon, W. McD., Reeves, W. C., Brookman, 
B., and Izumi, E. M., J. Infect. Dis., 1942, v70, 263. 
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(6), Aedes dorsalis (Meigen) and Culex stig- 
matosoma Dyar(7), Triatoma sanguisuga Le 
Conte(8), D. gallinae (De Geer) (9), Lip- 
onyssus bursa (Berlese) (10), and Liponyssus 
sylviarium (Canestrini and Fanzago) (11). 
This note reports the isolation of EEE virus 
from another species of mosquito, Culiseta 
melanura (Coquillett). The infected lot con- 
sisted of two specimens collected by light 
trap in the Manchac Swamp near Poncha- 
toula, Louisiana, on August 17, 1950. It is of 
interest that these specimens were taken 
within a few hundred yards of the location 


where a purple grackle with EEE’ virus in its 


blood was shot June 19, 1950(12). 

The specimens were removed alive from the 
light trap, sealed in a tube, and kept frozen 
on dry ice until processed. At the laboratory 
in Montgomery, Ala., they were identified, 
triturated in 1 ml of tryptose phosphate broth, 
and spun 20 minutes in the cold at 4000 RPM 
in an angle-head centrifuge. After adding 
2 mg of streptomycin and 500 units of peni- 
cillin, a portion of the supernate was used to 
inoculate six 3-week-old Swiss mice intracere- 
brally. Neurological symptoms were observed 
in the mice late the second day, followed by 
death on the third day. No bacterial growth 
was observed in broth or on blood agar plates 
following inoculation with suspension of brain 
material from the dead mice. 

A second intracerebral passage caused death 
of mice in 2-3 days. Brains from this passage 
had an LDsp titer of 10°, as calculated by the 
method of Reed and Muench, upon intra- 


6. Hammon, W. McD., Reeves, W. C., Benner, S. 
R., and Brookman, B., J. Am. Med. Assoc., 1945, 
v128, 1133. 

7. Hammon, W. McD., Reeves, W. C., and Galindo, 
P., Amer. J. Hyg., 1945, v42, 299. 

8. Kitselman, C. H., and Grundmann, A. W., Agr. 
Exp. Sta. Tech. Bull. No. 50, 1940, Kansas State 
College of Agr. and Applied Science, Manhattan, 
Kan. 

9. Sulkin, S. E., Science, 1945, v101, 381. 

10. Sulkin, S. E., and Izumi, E. M., Proc. Soc. 
Exp. Brov. anp Mep., 1947, v66, 249. 

11. Reeves, W. C., Hammon, W. McD., Furman, 
D. P., McClure, H. E., and Brookman, B., Science, 
1947, v105, 411. 

12. Kissling, R. E., Rubin, Harry, Chamberlain, 
R. W., and Eidson, M. E., in press. 


cerebral inoculation into mice(13). The in- 
fectious agent passed a Seitz EK filter. 

Serum from a rabbit immune to the Decuir 
strain of EEE neutralized 3000 mouse LD;0’s 
of the new agent when serial 10-fold dilutions 
of infected brain were mixed with equal quan- 
tities of undiluted serum, incubated 18 hours 
at 4°C and inoculated intracerebrally into 
3-week-old mice. WEE immune serum failed 
to have a neutralizing effect in tests conducted 
simultaneously. Sera from rabbits immunized 
against the new agent had a neutralization 
index of 1000 against the Decuir strain of 
EEE. 

Guinea pigs immune to the Decuir strain of 
EEE resisted an intracerebral challenge of 
10‘ mouse LD; o’s of the new agent. Those 
immunized against the new agent resisted a 
similar intracerebral challenge of the Decuir 
Strain. Similarly. immunized animals suc- 
cumbed to 10° LDso’s of WEE virus given 
intracerebrally. 

Host range studies conducted in 10-day-old 
and adult mice, guinea pigs, hamsters, rabbits, 
and chickens revealed clinical courses similar 
to those of the equine encephalitides in these 
species. A pathological picture consistent 
with that produced by the arthropod-borne en- 
cephalitis viruses was found upon microscopic 
examination of brain sections of infected mice, 
guinea pigs, hamsters, and rabbits. 

Confirmatory isolation from the original; 
mosquito suspension was obtained by its re- 
inoculation into a second group of mice. 

As very little is known of the adult habits 
of C. melanura and only a single isolation has 
been made, the possible significance of this 
species in the epidemiology of EEE cannot be 
evaluated at the present time. 

Summary. The virus of eastern equine en- 
cephalomyelitis was isolated from mosquitoes 
(Culiseta melanura (Coquillett) ) collected by 
light trap in Louisiana, August, 1950. 

Grateful acknowledgment is made to members of 
the Louisiana State Health Department and Depart- | 
ment of Wildlife and Fisheries for their interest and 
assistance. 


13. Reed, L. J., and Muench, H., Am. J. Hyg., 
1938, v27, 493. 
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Recovery of Virus of Eastern Equine Encephalomyelitis from Blood 
of a Purple Grackle.* (18791) 


R. E. Kiss~inc, Harry Rupin, R. W. CHAMBERLAIN, AND M. E. Erpson. 
(Introduced by Morris Schaeffer.) 
From the Communicable Disease Center, Public Health Service, Federal Security Agency, 
Atlanta, Ga. 


Although investigators have proved numer- 
ous avian species to be susceptible to eastern 
equine encephalomyelitis virus by experi- 
mental inoculation(1-6) and have reported its 
recovery from the brains of naturally infected 
birds(6-10), attempts to isolate the virus from 
other tissues of birds infected in nature have 
failed(10). However, Cox e¢ al.(11) reported 
the isolation of western equine encephalomye- 
litis virus from the spleen and brain of a 
prairie chicken, Tympanuchus cupido ameri- 
canus (Reichenbach). 

This note reports the isolation of eastern 
equine encephalomyelitis virus from the blood 
of an apparently well adult male purple 
grackle, Quiscalus quiscula quiscula (Lin- 
naeus), shot in flight in the Manchac swamp 
area near Ponchatoula, La., on June 19, 1950. 
Intracerebral inoculation of its blood into six 
3-week-old mice was followed by death in 


* This note constitutes part of an investigation on 
encephalitis in Louisiana, conducted by the Virus and 
Rickettsia Section, Montgomery, Ala. 

1. TenBroeck, C., Arch. Path., 1938, v25, 759. 

2. TenBroeck, C., Proc. 3rd Internat. Congress 
Microbiol., 1939, p. 300. 

3. Shahan, M. D., Giltner, T. L., and Schoening, 
H. W., Proc. of the 42nd Meeting, U. S. Livestock 
Sanitary Assn., Chicago, p. 145 

4. Davis, W. A., Am. J. Hyg. Sec. C, 1940, v32, 45. 

5. Syverton, J. T., and Berry, G. P., Am. J. 
Hyg. Sec. B, 1941, v33, 37. 

6. Van Roekel, H., and Clarke, M. K., J. Am. 
Vet. Med. Assn., 1939, v94, 466. 

7. Tyzzer, E. E., Sellards, A. W., and Bennett, 
B. L., Science, 1938, v88, 505. 

8. Fothergill, L. D., and Dingle, J. H., Science, 
1938, v88, 549. 

9. Beaudette, F. R., and Hudson, C. B., J. Am. 
Vet. Med. Assn., 1945, v107, 384. 

10. Beaudette, F. R., and Black, J. J., J. Am. Vet. 
Med. Assn., 1948, v112, 140. 

11. Cox, H. R., Jellison, W. L., and Hughes, L. 
H., Pub. Health Rep., 1941, v56, 1905. 


five of the micé on.the third day. No growth 
was observed following culture of the brains 
from these mice in dextrose or serum broth 
and on blood agar plates. The agent passed 
a Seitz EK pad. Infected mouse brain ma- 
terial had a titer of 10° LD; upon intracere- 
bral inoculation into mice, as calculated by 
the method of Reed and Muench(12). 

Serum from rabbits immune to eastern 
equine encephalomyelitis virus gave a neutral- 
ization index of 15,000 against this agent when 
serial 10-fold dilutions of the agent were mixed 
with equal quantities of undiluted serum, in- 
cubated for 18 hours at 4°C, and inoculated 
intracerebrally in 0.03 ml amounts into 3- 
week-old mice. Western equine encephalo- 
myelitis and St. Louis encephalitis antisera 
failed to neutralize in tests conducted simul- 
taneously. Serum from rabbits immunized 
with this agent demonstrated strong neutral- 
ization of eastern equine encephalomyelitis 
virus. Guinea pigs vaccinated with the new 
agent resisted intracerebral challenge with 
107 LDso of eastern equine encephalomyelitis 
virus. Those immunized with eastern equine 
encephalomyelitis similarly failed to exhibit 
signs of infection upon challenge with an 
equivalent dose of the newly isolated agent. 

In limited host range studies, the new virus 
resembled that of eastern equine encephalo- 
myelitis both as to species susceptibility, and 
incubation periods. Microscopic examina- 
tion of brains from infected mice, guinea pigs, 
and hamsters revealed a pathological picture 
consistent with that produced by ‘the encepha- 
litis viruses. Presence of the infectious agent 
in the original material was verified by reinocu- 
lation into a second group of mice with pro- 
duction of encephalitic symptoms on the 
second day, followed by death on the third 


12. Reed, L. J., and Muench, H., Am. J. Hyg., 
1938, v27, 493. 
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day. On these bases, the agent was considered 
to be the virus of eastern equine encephalomye- 
litis. 

To our knowledge, this is the first report 
of the isolation of the eastern variety of equine 
encephalomyelitis virus from the blood of a 
naturally infected wild bird. It is of added 
interest that the specimen was collected dur- 


A Rapid Assay for Xanthurenic Acid in Urine. 


399 


ing a period when there were comparatively 
few cases of the disease reported in horses in 
the region. 

Summary. The virus of eastern equine 
encephalomyelitis was isolated from the blood 
of an adult purple grackle collected in Louis- 
jana in June, 1950. 
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FrepD ROSEN, RicHarD S. Lowy, AND HERBERT SPRINCE. 


From the Division of Nutrition, Ortho Research Foundation, Raritan, N. J. 


In man(1) and other mammalian species 
(2-6), a deficiency of pyridoxine has been 
shown so to alter the normal metabolism of 
tryptophan as to result in the urinary excre- 
tion of xanthurenic acid (XA). Following 
the ingestion of tryptophan, the quantitative 
measurement of XA in urine has been used as 
an index of pyridoxine deficiency or dysfunc- 
tion(1). Colorimetric methods available at 
present for the determination of XA in urine 
generally involve preliminary time-consuming 
extraction of XA from urine prior to colori- 
metric assay (3,7,8). 

In view of the increasing significance of 
pyridoxine in disorders of pregnancy(9-11) 


1. Greenberg, L. D., Bohr, D. F., McGrath, H., 
and Rinehart, S. F., Arch. Biochem.,.1949, v21, 237. 

2. Lepkovsky, S., Roboz, E., and Haagen-Smit, 
A. J., J. Biol. Chem., 1943, v149, 195. 

3. Miller, E. C., and Baumann, C. A., J. Biol. 
Chem., 1945, v157, 551. 

4. Cartwright, G. E., Wintrobe, M. M., Jones, F., 
Lauritsen, M., and Humphreys, S., Bull. Johns Hop- 
kins Hosp., 1944, v65, 35. 

5. Axelrod, H. E., Morgan, A. F., and Lepkovsky, 
S., J. Biol: Chem., 1945, v160, 155. 

6. Greenberg, L. D., and Rinehart, J. F., Fed. 
Proc., 1948, v7, 157. 

Peeoreree, «clark, 1. -and: silber, Ri H., J. 
Biol. Chem., 1947, v167, 573. 

8. Musajo, D. L., and Coppini, D., Experientia, 
1951, v7, 20. j 

9. Willis, R. S., Winn, W. W., Morris, A. T., 
Newson, A. A., and Massey, W. E., Am. J. Obst. and 
Gynec., 1942, v44, 265. 


and possibly other clinical states(12-14), a 
rapid, reliable method for the estimation of 
XA in human urine would be of definite ad- 
vantage for clinical studies where a large 
number of routine assays are to be performed. 
It is the purpose of this paper to present such 
a method. 

Reagents and apparatus. 1. Five % sodium 
bicarbonate solution, freshly prepared prior 
to analysis. 2. FeNH4(SOz)2* 12H2O solu- 
tion. 0.85 g of Mallinckrodt analytical re- 
agent grade, dissolved in 50 ml water. 3. 
Sodium hydrosulfite powder (J. T. Baker 
‘Chemical Co.). 4. Standard xanthurenic acid* 
solution: Stock standard solution, 500 pg per 
ml of XA, made by dissolving 25 mg of XA 
in 50 ml of 5% ethyl alcohol which contained 
0.1 ml of concentrated ammonium hydroxide. 


10. Weinstein, B. B., Wohl, Z., Mitchell, G. J., and 
Sustendal, G. F., Am. J. Obst. and Gynec., 1944, 
v47, 389. 

11. Hobson, W., J. Hygiene, 1948, v46, 198. 

12. Scott, L. D., and Tarleton, G. J., Radiology, 
1946, v47, 386. 

13. Goldfeder, A., Cohen, L., Miller, C., and Singer, 
M., Proc. Soc. Exp. Bror. anp MeEp., 1948, v67, 272. 
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* The xanthurenic acid used in these studies was 
synthesized in our Division of Organic Chemistry by 
Mr. A. Mebane and Dr. W. Oroshnik. This substance 
has a melting point of 297-298°C. An elementary 
analysis revealed the following: CyoH7NO4: Calcu- 
lated. (C, 58.54; H, 3.44; N, 6.83. Found. C. 58.40; 
H, 3.65; N, 6.66; Ash, 0. 
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This solution was stable for at least one month 
when kept under toluene in the refrigerator. 
The working standard solution, 100 wg per 
ml, was made by diluting 4 ml of the stock 
standard to 20 ml with distilled water. This 
solution should be prepared daily. 5. The 
Evelyn colorimeter was used with a 620 mu 
filter. 


Procedure. The urine was adjusted be- 
tween pH 7.3-7.5 and then filtered through 
No. 1 Whatman filter paper. When XA 
assays were performed on a urine specimen 
following the administration of a test dose 
of tryptophan(1) the urine was diluted with 
water to contain 25-100 pg of XA per ml; 
it was found unnecessary to dilute specimens 
obtained before the ingestion of tryptophan. 
From 1 to 4 ml of urine (undiluted if small 
quantities of XA were present) were meas- 
ured into each of two calibrated Evelyn tubes. 
To one, there was added 1 ml of the working 
standard containing 100 pg’of XA to deter- 
mine the XA recovery value; to the other 
tube (the actual test specimen) no standard 
XA was added. The contents of both tubes 
were diluted to 9 ml with water. To each 
tube, there was added 10 to 15 mg of sodium 
hydrosulfite, contained on the tip of a spatula, 
and this was followed by 0.10 ml of 1.7% 
FeNHi(SOs)2 * 12H2O. It is important 
that the addition of the hydrosulfite precede 
the addition of the ferric ion in order to pre- 
vent the formation and subsequent precipita- 
tion of ferric hydroxide. The contents of the 
tube were then thoroughly mixed by gentle 
agitation. One ml of 5% sodium bicarbonate 
solution was now added to each tube. After 
gentle mixing so as to prevent the oxidation 
of the hydrosulfite by air, the blank values of 
both tubes were determined as described be- 
low. The colorimeter was first adjusted by 
setting the galvanometer at 100 with an 
aqueous solution containing 100 yg of pure 
XA per 10 ml assay tube which served as the 
reagent blank. This solution was prepared 
with the same quantities of reagents employed 
in the urine tubes above, except that 0.025 
ml in place of 0.10 ml of 1.7% FeNH4(SO,)> 
* 12H:O was added to the tube. The gal- 
vanometer readings of the blank tubes, i.e. 
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the color of the urine and reagents in the re- 
ducing medium were then determined in the 
photoelectric colorimeter. After obtaining 
these readings, the contents of each tube were 
shaken well to permit oxidation until the 
green ferric-XA complex salt was formed and 
remained stable. Galvanometer readings were 
again made. All galvanometer readings were 
then converted te, “L” values (Evelyn), and 
calculations were carried out in the conven- 
tional manner. Several points are worthy of 
note. The color was found to fade rapidly if 
the hydrosulfite was not completely oxidized. 
On the other hand, the color was stable for a 
period as long as 3 hours if destruction of the 
reducing agent was complete. When pure XA 
was analyzed, the excess iron slowly precipi- 
tated as the hydroxide. This resulted in a 
gradual loss of color. Thus it was necessary 
to read solutions of pure XA within 10 min- 
utes after color was developed. Such pre- 
cipitation did not occur in urine. 

Results. The values obtained for urine and 
for standard solutions of XA were reproduci- 
ble on different days. The color obtained 
obeyed Beer’s law for solutions ranging from 
10-250 »g of XA; a calibration curve was 
required when larger amounts of XA were 
measured. 

The reliability of the test was examined by 
determining recovery values of XA added to 
urine specimens containing varying quantities 
of inherent XA. Thus at one extreme normal 
non-pregnant women have ‘been shown to ex- 
crete very little urinary XA after a test dose 
of tryptophan; pregnant women close to term 
in certain pathognomonic states and pre- 
eclamptic women excrete large quantities of 
urinary XA under the same conditions(15). 
Typical data are presented in Table I. 

Effect of time, temperature and pH. In the 
urine assay, the color reached a maximum im- 
mediately after oxidation of the hydrosulfite 
and remained stable in the daylight for at 
least 3 hours at room temperature. The color 
of the complex salt was stable between 15 
and 37°C. The color intensity of the ferric- 
XA compound was at a maximum between 


15. Sprince, H., Lowy, R. S., Folsome, C. E., and 
Behrman, J. S., Am. J. Obst. and Gynec., in press. 
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TABLE I. Recovery of Xanthurenic Acid Added 


to Urine. 
Amt urine Urinary Added XA re- 
Urine assayed, XA, XA, covered, % re- 
No ml ug/ml ug bg covery 
uf 4 3 0 
1 4 25 19 76* 
1 4 50 40 80* 
1 4 100 100 100 
if 2 2 0 
1 2 25 26 104 
i 2 50 49 98 
1 2 100 92 92 
2 if 126 0 
2 1 10 ala 110 
2 Pe 25 30 120 
2 Tite , 50 58 116 
3 2 457 0 
3 2 100 109 109 
4 #2 316 0 rigs 
4 2 100 110 110 


* When small quantities of XA are recovered in 
presence of large volumes of urine, recovery values 
are apt to be low because of interfering urinary 
pigments. 


pH 7.0 and 8.2; it dropped off sharply on 
either side of this optimum range. It was 
essential, therefore, that before analysis the 
urine be adjusted between pH 7.3 and 7.5. 

Finally, the assay solution was buffered with 
bicarbonate, since an excess of hydrosulfite 
(which was not added quantitatively) brought 
the pH below 7.0. y) 

_ Choice of buffer. Attempts to utilize more 
efficient buffers such as potassium bicarbonate 
and disodium phosphate in place of sodium 
bicarbonate were ineffective; the phosphate 
buffer gave rise to the formation of the in- 
soluble ferric phosphate at pH 7.8. A 25% 
solution of potassium bicarbonate at room 
temperature lost carbon dioxide rapidly; this 
resulted in the formation of the highly al- 
kaline potassium carbonate. 

Specificity of reducing agents. The choice 
of reducing agent was found to be restricted 
to sodium hydrosulfite. Attempts to use other 
reducing agents such as ascorbic acid, sodium 
sulfite, and sodium bisulfite were unsuccess- 
ful. Compared to sodium hydrosulfite, the 


’ 
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lower reducing potentials of these substances 
would explain these findings. It should be 
noted that excessive quantities (greater than 
20 mg) of sodium hydrosulfite cannot be used 
in this procedure, for under such conditions 
the acidity of the assay solution might be so 
increased as to prevent the return to the de- 
sired pH range 7.0-8.2 upon the addition of 
sodium bicarbonate. 

Discussion. It could be demonstrated by 
paper chromatographic methods and absorp- 
tion spectrum studies(16) that the green color 
resulting on the addition of ferric ion to urine 
was due specifically to XA. Although’ the 
exact chemical nature of the Fe-XA complex 
remains yet to be’ determined, the amount of 
ferric ion used in this assay was well beyond! 
the critical concentration necessary for opti- 
mum color development. This was established 
as follows: When a given amount of XA was 
titrated with increasing amounts of ferric ion, 
the maximum coloer:intensity occurred in: a 
ratio of one mole of.ferric ion to 2 moles:of 
XA. In the procedure described herein,’ ap- 
proximately 10 times:this amount of ferric 
ion was added to all, tubes containing urine. 
This was necessary since urine is known to: 
contain chelating substances which combine 
with iron and. thereby render it unavailable 
for coordination with XA. 


Summary. A colorimetric method for the 
direct estimation of xanthurenic acid in urine: 
without preliminary extraction is described. 
The method is based on the reduction of the 
ferric to ferrous ion by sodium hydrosulfite to 
obtain a reliable blank value and the subse- 
quent oxidation of the reactants to obtain the 
green ferric-xanthurenic acid complex salt. 
Provisions are made for the use of an internal 
recovery standard with each sample of urine 
assayed. 


16. Rosen, F., Lowy, R. S., and Sprince, H., Un-. 
published data. 
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A New Human Blood Factor of Rare Incidence in the General Population. 


(18793) 


Puitie Levine, A. H. Stock, A. B. KUHMICHEL, AND N. BRONIKOVSKY. 


From the Ortho Research Foundation, Raritan, N. J., and the Children’s Hospital of Pittsburgh, 
Pittsburgh, Pa. 


On studying the serum of an Rh positive 
mother, Mrs. R. M., para 4, gravida 4, who 
delivered an infant suffering from severe 
hemolytic disease, an antibody was observed 
which reacted with the blood of the father, 
the oldest sibling, and the affected infant, but 
not with the bloods of the remaining 2 sib- 
lings. The factor was present in the blood of 
the infant’s paternal grandmother, but not in 
his grandfather, nor in the blood of his 
father’s 2 siblings. Thus, the agglutinogen 
was demonstrated in the blood of 4 out of 10 
members of 3 generations of this family. 


This new blood factor has a remakably low 
incidence in the general population since not 
one reaction was observed in tests of 425 
random individuals of groups O and A with 
the serum of the immunized mother. 

With the permission of the affected infant’s 
parents, the new agglutinogen was designated 
as the Miltenberger blood factor. The ab- 
breviated forms for the gene, factor, and anti- 
body may be represented as M7", Mi", and 
anti-Mi", respectively. The corresponding 
allelic factor whenever it may be demon- 
strated can be referred to.as Mi’.. The mother 
of the affected infant had 3 children, all nor- 
mal at birth and now living and well. The 
fourth infant, born at term on January 27, 
1951 was very pale and somewhat jaundiced. 
Because of the appearance of dyspnea and 
more intense jaundice 12 hours after birth, 
the infant was transferred to the Children’s 
Hospital, where a replacement transfusion 
with Rh negative blood was carried out. The 
blood count and hemoglobin values on admis- 
sion, 2,120,000 and 8 g respectively, were in- 
creased to 5,600,000 and 15.2:g. The infant 
was readmitted at the age of 5 weeks for an 
additional transfusion and at present there is 
complete recovery. 

Serologic tests on the infant’s family with 
standard antibodies follow: 


Tests with antisera 


C E ec Mis 

Father Oo MN O00 04 4 
Mother A M ++04 0 
1st child ATE ++ 0+ + 
nee, Oo MN ++ 04 0 
orders A M ++ ° 0:4 :.0 
Affected infant Oo MN ++ 0+ + 
Paternal grandfather* B ++ 04+ 0 
ae grandmother O +4 04+ 4 


* Absence of the factor in this blood and alse in 
that of the father’s two siblings was determined by 
tests with neutralized anti-Mi*. 


Both parents were positive for Fy* (Duffy), 
S, and negative for K (Kell) and Le* (Lewis). 
The mating was incompatible for the factors 
Lu* (Lutheran), Jk* (Kidd) (1), and N, but 
antibodies for these factors could not be 
demonstrated. 

Significant results, however, were obtained 
on testing the mother’s serum with the father’s 
red cells. Titration at 37°C with saline 
suspended cells showed -a value of 1:2-1:4, 
but more distinct effects were found in the 
indirect anti-globulin test, which showed a 
titration value of 1:16-1:32. As in the case 
of anti-Fy*, the reaction could not be elicited 
in tests with trypsinized cells(2). The direct 
Coombs reaction on the infant’s cells carried 
out on the fifth day of life was very weak but 


‘this test was performed after a replacement 


transfusion with group O, Rh negative and 
presumably Mi* negative blood. It is safe to 
assume that ‘the direct Coombs test must have 
been much stronger at delivery. 

The further study of this serum was facili- 
tated by the fact that the only atypical anti- 
body present was anti-Mi*. This was demon- 
strated in a series of tests at 18°C with 
numerous bloods of all antigenic varieties. 
Under these conditions weak reactions were 


1. Allen, F. H., Diamond, L. K., and Niedziela, B., 
Nature, 1951, v167, 402. r 
2. Cutbush, Marie, Mollison, P: L., and Parkin, 
D. M., Nature, 1950, v165, 188. 
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obtained only with bloods known to possess 
the Mi* factor. 

Titrations of anti-Mi* with the indirect 
anti-globulin technic on the four positive 
bloods of the Miltenberger family showed 
uniform values of 1:16-1:32. Thus, the 
double-dose effect indicating homozygous in- 
dividuals could not be demonstrated, but this 
was not surprising since all four individuals 
are obviously heterozygous. As is to be ex- 
pected on the basis of gene frequencies of any 
factor with such low incidence in the general 
population, bloods homozygous for the factor 
must be exceedingly rare, and by the same 
token the allelic factor Mi” should be present 
in almost all bloods tested. Whether or not 
Mi is genetically related to either of the two 
factors characterized by unusually high in- 
cidences, Tj* (Jay)(3) or k (Cellano) (4) is 
still to be determined. 

Three blood factors of low incidence 
(Levay) (5), Gr(6), and Jobbins(7) occur- 
ring mainly in members of particular families 
have been reported recently, but their possible 
relationship to each other and Mi* cannot be 
determined because of lack of antibodies for 
simultaneous studies.* 

In contrast to the antibodies for the 3 fac- 
tors mentioned above, anti-Mi’* is the only one 


3. Levine, P., Bobbitt, O. B., Waller, R. K., and 
Kuhmichel, A. B., Proc. Soc. Exp. Brot. anp Mep., 
1951, v77, 403. 

4. Levine, P., Wigod, M., Backer, A. B., and 
Ponder, R., J. Hemat., 1949, v4, 869. 

5. Callendar, S. T. and Race, R. R:, Ann. Eugenics, 
1946, v13, 102. ; 

6. Graydon, J. J., Med. J. Australia, 1946, v2, 9. 

7. Gilbey, B, E., Nature, 1947, v160, 362. 


In the course of preparing a 66-year-old 
female patient, Mrs. D. S. J., for gastric re- 
section of a tumor later diagnosed as adeno- 
carcinoma, difficulties were encountered in 
selection of compatible donors.* The patient 


Isoimmunization by a New Blood Factor in Tumor Cells. 
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held to be responsible for hemolytic disease 
and hence is clinically important. Both anti- 
Mi* and anti-Gr are the only atypical anti- 
bodies present in their respective sera, but 
they differ from each other since anti-Gr is 
probably of the naturally occurring variety, 
its origin by antigenic stimulus of pregnancy 
or transfusion having been excluded. 

The occurrence of antibodies for factors 
such as Mi* makes it necessary to exclude 
their presence in the serum of all instances 
of hemolytic disease presumed to be due to 
ABO incompatibility. In this latter group of 
cases, antibodies reacting only on occasional 
bloods can be excluded if absorption of the 
mother’s serum with a number of bloods of 
group A (or B) removes all activity for the 
father’s blood of group A (or B). Only then 
can one consider the possibility that isoim- 
munization with resulting hemolytic disease 
was brought about by the action of anti-A or 
anti-B, 

Summary. A new blood factor, Mi", de- 
monstrable with the aid of an immune isoanti- 
body responsible for hemolytic disease of the 
newborn is briefly described. Its hereditary 
nature is indicated by its presence in four out 
of 10 individuals in three generations of a 
particular family, in contrast to its absence 
in 425 random bloods. 


* According to Race, anti-Levay cannot be identical 
with anti-Mi* since the latter antibody failed to 
react with blood known to contain the Levay factor. 
Tests of anti-Mi* with bloods positive for the Jobbins 
and Gr factors are still to be made. 


Received May 22, 1951. PS.E.B.M., 1951, v77. 
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Putte Levine, O. B. Bospitt, R. K. WALLER, AND A. KUHMICHEL. 
From the Ortho Research Foundation, Raritan, N. J., and Department of Clinical Pathology, 
University of Virginia Medical School, Charlottesville, Va. 


was in group O, Type MNS, presumably of 


* The initial observation on an atypical antibody 
in the patient’s serum was made by Dr. O. B. Bob- 
bitt. 
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the Rh genotype DCe/DCe (R:R:), Duffy 
and Cellano positive. The factors P, Lewis, 
and Lutheran could not be demonstrated in 
her blood. Among 3000 random group O in- 
dividuals, all bloods were hemolyzed by the 
unheated serum or agglutinated by the inac- 
tivated serum. The hemolysin could also be 
demonstrated in the patient’s inactivated 
serum by adding sensitive red cells suspended 


in pooled fresh group compatible unheated_ 


serum from normal individuals. The unusu- 
ally high incidence of positive reactions is 
apparently attributable to a single antibody 
since all activity is removed after treatment 
of the serum with each of 10 different bloods. 

These observations suggested the presence 
of a new hereditary factor which is present in 
the red blood cells of almost all individuals 
tested. For identification purposes, the blood 
factor and its antibody may be designated 
as “Jay” and “anti-Jay” respectively. Be- 
cause of the relationship to the tumor de- 
scribed below, the abbreviated symbols for the 
gene, ‘blood factor, and antibody are Tj’, Tj’, 
and anti-Tj", the letter ““T”’ referring to the 
tumor. The corresponding symbols for the 
theoretical allelic gene, factor, and antibody 
can be designated as Tj’, Tj’, and anti-Tj’, 
respectively. 

Tests of anti-Tj* with the blood of her 3 
siblings, all in group O, showed that the blood 
‘of one of her sisters did not contain the factor, 
but it was present in the red cells of the sis- 
ter’s 4 children.t The factor could be demon- 
strated in the blood of the patient’s husband 
and their 4 children, all in group A, since their 
red cells absorbed anti-Jay. 

The titer of the antibody, 1:8, when first 
studied increased to a titer of 1:512 as result 


+ The antibody could not be demonstrated in the 
sister’s serum. Since submitting the manuscript, an 
antibody of identical specificity i.e. anti-Jay was 
found in the serum of a patient, Mrs. Mc, living in 
South Africa. In this case, the antibody was of 
the saline variety (titer 1:128) and the antigenic 
stimulus was probably derived from four preg- 
nancies, each of them ending in spontaneous abor- 
tions after 3 or 4 months. With both sera, there 
were only 3 bloods (Mrs. Jay, her sister and Mrs. 
Mc.) which were not agglutinated. These / findings 
will be reported by Zoutendyk and Levine. 
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of a so-called biologic test, i.e. an intravenous 
injection of 25 cc of a random sensitive group 
O blood. This was followed by an immediate 
severe reaction and her grossly pink serum, 
obtained 15 minutes later, contained 180 mg 
% free hemoglobin. 

. The gastric tumor, a grade II adenocar- 
cinoma invading the muscularis, was unevent- 
fully removed by a gastric resection and trans- 
fusions wefe not: required. It is significant 
that the mucosa over the tumor was not ul- 
cerated. The tumor was finely divided and 
when lyophilized was found to be more or less 
suitable for absorption experiments. Remark- 
ably enough, 20 mg of the dried tumor 
specifically absorbed 16-32 units of the anti- 
body. These experiments were properly con- 
trolled since under the same conditions the 
dried tumor cells failed to diminish the activ- 
ity of anti-D, although the D antigen is 
present in the patient’s red cells. The tumor 
cells also failed to diminish the activity of 
anti-A, anti-B, or anti-E. No activity-could 
be demonstrated in concentrated saline ex- 
tracts, and the tumor cells after extraction re- 
tained their affinity for the antibody. Unfor- 
tunately normal gastric tissue was not avail- 
able to test for the presence or absence of the 
factor. 

As in the case of Levine and Stetson(1)— 
an intragroup hemolytic reaction in a preg- 
nant woman at the very first transfusion—the 
main interest here lies in the source of the 
immunization. The last pregnancy had oc- 
curred 32 years previously, and there is no 
history of previous transfusions or hemolytic ’ 
disease in any of her four children. Since the 
tumor cells contain the antigen, one may 
assume that they are also responsible for the 
isoimmunization. Apparently, the tumor cells 
contain the Jay antigen which is present in 
the form of a blood factor in the red blood 
cells of almost all individuals except the pro- 
positus and her sister.+ 

If the Jay factor is inherited, its presence 
and absence are determined by two genes of 
equal dominance as in the case of the MN, 
Rh-Hr, and Kell-Cellano systems. Since the 


1. Levine, P. and Stetson, R. E,, J.A.M.A, 1939, 
v113, 126. 
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factor is not present in the patient’s blood, 
her genotype may be represented as 7j’Tj’ 
and paradoxically she has been harboring, at 
least in her tumor cells, the Jay gene Tj" not 
transmitted from either of her two parents. 
In the absence of external sources for the 
blood factor in the tumor cells, one is led to 


} For production of immune isoagglutinins result- 
ing from transplantable tumors in mice and rats 
cf. Gorer(2) and Lumsden(3). Isoimmunization by 
tumor cells is also a possible explanation for the 
origin of a very weak anti-Duffy which caused a 
hemolytic transfusion reaction at the first trans- 
fusion of a 64-year-old patient suffering from _be- 
nign prostatic tumor. This case was recently re- 
ported by Rosenfield, Vogel, and Race(4) who made 
no comments on the origin of a presumably immune 
antibody in the pre-transfusion specimen. 

2. Gorer, A. P., J. Path. and Bact., 1937, v44, 691. 

3. Lumsden, T., Am. J. Cancer, 1938, v32, 395. 

4. Rosenfield, R., Vogel, P., and Race, R. R, 
Rev. D’Hem., 1950, v5, 315. 
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assume that its unexpected presence: may be 
brought about by intrinsic changes in the 
body, i.e., a genetic mutation. 

If only one locus—the site of the gene 2 fot 
the blood factor—is affected, then the muta- 
tion may be held responsible for the presence 
of the blood factor in the tumor. Because 
mutations have been frequently discussed in 
the’ pathogenesis of malignancy, one is 
tempted to suggest that the mutation may 
have also induced: the tumor. This question, 
however, must be left open, in view of the 
importance of the issue involved and the ab- 
sence of any direct evidence. 

In any event, the highly exceptional cir- 
cumstances in the case here reported provided 
specific agglutination reactions, the interpreta- 
tion of which has led to a rather unexpected 
conclusion that a blood factor in tumor cells 
may arise from a genetic mutation. 


Received May 22, 1951. P.S.E.B.M., 1951, v77. 
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ALwIn M. PAPPENHEIMER, LAWRENCE J. KUNZ, AND SHEILA RICHARDSON. 
From the Department of Bacteriology and Immunology, Harvard Medical School, Boston, Mass. 


In the already abundant literature on: in- 
fection with viruses of the Coxsackie group, 
we have found but one casual reference to the 
‘recovery of virus from the urine of human 
cases(1). Howitt, in listing the sources from 
which Coxsackie virus had been recovered 
includes urine from one case. No details are 
given. There have been no reports concern- 
ing the elimination of virus in the urine of in- 
fected animals. Because of the possible epi- 
demiologic importance, the following observ- 
ations demonstrating viral excretion in the 
urine of infected mice seem worth placing 
on record. 

Exp. I. Several O-day-old mice were in- 
oculated intraperitoneally with 10° dilution 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 

1. Howitt, B. F., Proc. Soc. Exp. Bion. anp Mep., 
1950, v73, 443. 


of Conn. No. 5 passage virus in buffered 
saline. After 48 hours, at which time the 
mice showed the usual signs of illness, urine 
was obtained from several animals by direct 
aspiration of the bladder with a tuberculin 
syringe. The urine was kept frozen in the 
syringe for 5 days, then thawed, and penicil- 
lin and streptomycin (5G0 units per cc) 
added. The final dilution was approximately 
1 to 3. Ten mice, 1 to 2 days old, were in- 
oculated intraperitoneally with 0.02 cc of this 
diluted urine. Three days after injection, 9 
of the 10 mice were dead or missing; the 
moribund survivor was sacrificed, and a 10% 
suspension of carcass, to which 500 units of 
penicillin and streptomycin per cc had been 
added, was frozen for further passage. Liver 
and pancreas were examined histologically 
and showed the usual lesions found in suck- 
ling mice infected with the Conn. No. 5 strain 
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of Coxsackie virus(2). The 10% suspension 
of carcass of the suckling mouse, from which 
skin, feet, tail and gastrointestinal tract had 
been removed, was diluted in 15/100 M phos- 
phate-NaCl buffer to 10°, and inoculated into 
nine O-day-old mice. All were dead on the 
4th day. 

Exp. II. Again, Conn. No. 5 passage ma- 
terial, in dilution of 10°, was inoculated in- 


traperitoneally into 3 mixed litters of O-day-— 


old mice. After 48 hours, urine was collected 
by aspiration of bladder with a syringe. The 
urine, to which penicillin and streptomycin 
had been added, was diluted 1 to 10 with 
phosphate-saline buffer solution and frozen. 
After 4 days, the urine was thawed, and 0.02 
ce of 10-fold dilutions injected intraperi- 
toneally into O-1-day-old mice. All mice given 
the highest dilution—10-°—succumbed to the 
infection. Histologic examination of mouse 
No. 4394, killed when moribund on the 6th 
day after injection of 10+ dilution showed in- 
terstitial pneumonia and early necrosis and 
calcification of cervical fat. 

A second titration of urine was made to de- 
termine the end-point, with the results shown 
in Table I. 

The I.D.59 as calculated by the Reed- 
Muench method, was 10°-®. The virus is thus 
shown to be present in high concentration in 
the urine. 

Controls. Eight O-day-old mice were in- 
oculated intraperitoneally with 0.2 cc of urine 
obtained from normal .2-day-old mice, killed 
by decapitation. One mouse was found dead 
on the following day, but showed no micro- 
scopic lesions. Another was missing on the 
3rd day. A healthy survivor, sacrificed on the 
6th day, had normal organs. The 5 surviving 
mice remained well. 


Presence of virus in the urine of adult mice 
infected with Conn. No. 5 virus. Although 
adult mice have been regarded as not being 
susceptible to infection with the Coxsackie 
group of viruses, it has been found in this 
laboratory that the Conn. No. 5 strain regu- 
larly produces severe lesions in the pancreas, 
and that the virus can readily be maintained 
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TABLE I. Infectivity of Urine for Suckling Mice. 


Dilution 103 104 10-5 10-6 10-7 10-8 10-9 


Results 8/8* 8/8 6/9 2/9 1/9 oie 


* Numerator—No. of dead mice; denominator— 
total No. of mice inoculated. 


in adults by serial passage of pancreas suspen- 
sions. A full account of these observations 
will be published elsewhere(3). It was, there- 
fore, thought of interest to ascertain whether 
this virus might also appear in the urine of 
infected adults. Accordingly urine was col- 
lected on the 4th day after intraperitoneal 
inoculation of female mice averaging 15.6 g 
in weight at the beginning of the experiment. 
All the animals had lost weight, and were 
proven to have pancreatic disease when killed. 
This was the 4th passage of the virus in 
adult mice. Nine 1-day-old mice were inocu- 
lated intraperitoneally with 0.02 cc of urine. 
Five mice survived for 22 days, without show- 
ing signs of illness. One mouse, found dead 
on the Sth day, was not examined. Two were 
sacrificed for histologic study. One of these 
was killed on the 5th day. No characteristic 
lesions were found. The second mouse, how- 
ever, when sacrificed on the 11th day, had 
marked tremors and was obviously sick. 
There was found diffuse encephalitis and mye- 
litis; the lesions were identical with those in 
the central nervous system of Conn. No. 5 
infected sucklings surviving for a correspond- 
ing period. Also there was extensive necrosis 
with calcification in the cervical and inter- 
scapular fat pads. 

A second experiment confirmed the fact 
that virus may at times be excreted in the 
urine of infected adult mice. Pooled urine 
from 11 young adult mice was collected on the 
4th, 6th and 7th day. They had been inocu 
lated intraperitoneally with 0.1 cc of 10+ 
suspension of carcass of infected sucklings, 
and had shown when killed the usual weight 
loss and gross pancreatic lesions. The 4-day 
specimen was contaminated, and the mice in- 
jected with it died of bacterial infection. The 
urine obtained on the 6th day failed to pro- 
duce characteristic signs and lesions, when 


2. Pappenheimer, A. M., Daniels, J., Cheever, F. 
S., and Weller, T. H., J. Exp. Med., 1950, v92, 169. 


3. Pappenheimer, A. M., Kunz, L. J., and Richard- 
son, S., J. Exp. Med., in press. 
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inoculated into new-born mice. The specimen 
secured on the 7th day, however, was found 
to contain virus, all 10 of a litter dying or 
being sacrificed when showing obvious illness. 
Three of them were proven, on histologic ex- 
amination, to have typical lesions of myocar- 
dium, liver and pancreas. A fourth was 
frozen, and after 10 days storage in the deep 
freeze, proved infective when injected intra- 
peritoneally in 10+ dilution into 0-day suck- 
lings. All the animals died on the 3rd day. 
Three examined histologically proved to have 
characteristic pancreatitis and hepatitis. 

This experiment proves that Connecticut 
No. 5 virus may be excreted in the urine of 
infected adult mice. The optimal period and 
concentration remain to be determined. 

Exp. III. That the lesions produced by 
inoculation of urine from infected mice are 
due to the Conn. No. 5 virus and not to non- 
specific toxic substances is indicated by the 
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fact that the addition of immune anti-Conn. 
No. 5 serum to the infected urine for one hour 
before inoculation confers at least partial 
protection. 


Infected urine + Conn. #5 antiserum .02ce 3/8 
ud ?? +t normal mouse serum fy 8/8 
22 2? + anti-Ohio R serum oe) 8/8 


The 3 deaths in the first group occurred within 
the first 2 days after injection and were prob- 
ably non-specific. Similar early deaths have 


occurred in mice inoculated with normal 
urine. 
Conclusion. Infant mice infected with the 


‘Conn. No. 5 strain of Coxsackie virus elim- 
inate virus in the urine. The infectious titer 
of urine obtained on the 2nd day after intra- 
peritoneal inoculation is 10°-°. Adult -mice 
with pancreatic disease caused by Conn. No. 5 
virus may also excrete virus in the urine. 
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Production of Cytoplasmic Azurophilic Inclusions in Connective Tissue 


Cells by Suspending Agents.* 


(18796) 


G. L. SCHNEEBELI, T. F. DouGHERTY, AND S. LoEWE. 
From the Departments of Anatomy and Pharmacology, University of Utah College of Medicine, 
Salt Lake City, Utah. 


During recent studies on the action of 
cortisone acetate (Cortone-Merck) on acute 
localized antigen produced inflammation in 
the mouse(1), it was observed that cytoplasm 
of fibroblasts of loose connective tissue of 


treated mice contained acidophilic inclusions 
(2,3). The purpose of this investigation was 
to obtain information on the origin and nature 
of the inclusions and on the mechanism un- 
derlying their formation. 


TABLB I. Changes in Percentage Distribution of Fibroblastic Inclusions in Cells of Loose Connective 
Tissue of Intact Mice Produced by Cortone (Merck). 


No. of Mean % of fibroblasts containing cytoplasmic inclusions and 8. E. 
animals 4hr 24 hr 48 hr 96 hr 6 days 
1 mg Cortone s.¢. in 20 28 +9.87 406+6.28 3664558 34624459 26.5 + 5.68 
2 ce suspending agent 
2 mg Cortones.c. in 20 36.5 4+7.15 52.5+447 48 +487 42645.68 28.24 4.65 
4 cc suspending agent 
1 mg erystalline 20 0 0 0 0 0 


cortisone acetate s.c. 
in .2 ee saline 


* Aided by grants from the Life Insurance Re- 
search Foundation and the American Cancer So- 
ciety upon recommendation of the Committee on 
Growth of the National Research Council. 
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2. Schneebeli, G..L. 
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F. (Abst.) Anat. Rec., 1951, v109, 122. 
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Photomicrographs #1-6, Showing Spreads of Loose Connective Tissue of Non-sensitized 
Intact Animals. The magnification of Fig. 1, and 3-6 is X720; Fig. 2 is 830. 


FIG. 1. Normal connective tissue. 


FIG. 2. Connective tissue 4 hr after s.c. injection of 1 mg cortisone. 

FIG. 3. Connective tissue 24 hr after s.c. injection of 1 mg cortisone. 

FIG. 4. Connective tissue 48 hr after s.c. injection of 1 mg cortisone. 

FIG. 5.. Connective tissue 96 hr after s.c. injection of 1 mg cortisone. 

FIG. 6. Connective tissue from the area of cortisone injection (4 hr after 1 mg). 


Since Cortone is an aqueous suspension 
with stabilizing and suspending agents, the 
present work included a study of the role of 
both the hormone, and the suspending vehicles 
in respect to their capacity of inducing cellu- 
lar inclusions. 

Materials and methods. About 200 CBA 
mice of equal sex distribution, 16 weeks of 
age and of an average weight of 20 g were 
used. The animals were kept under optimal 
laboratory conditions with free access to food 
(dog chow supplemented with calf meal and 
vitamins) and drinking water. 

The cellular inclusions were studied with 
the aid of the connective tissue spread method 
(1). The tissue sheets taken either from the 
site of injection or from other subcutaneous 
sites were expanded on slides to a thin cuticle, 
quickly air-dried and stained with May- 
Griinwald Giemsa. In some of the spreads, 
a differential cell count was performed. A 
total of 800 cells was counted in each of sev- 
eral spreads from the same animal, and the 
percentage of cells containing inclusions was 
determined for each cell type. The compounds 
employed for injection were Cortone (Merck) 
and the various components of the cortisone 
acetate suspending vehicle. Pectin, methyl- 
cellulose, polyvinyl alcohol and ‘spinal cord 
lipids were other macromicellar materials 
studied for comparison with the components 
of cortisone suspending vehicle. The injections 
were made into the subcutis of the shaved 
abdomen if not otherwise indicated. The 
exact procedures employed are described be- 
low with the results. 

Results: Cortisone acetate was injected 
subcutaneously in either 1 mg or 2 mg doses 
(Table I). Spreads were taken from the sub- 
cutaneous area of injection at 2, 4, 24, 48, 96 
hours and 6 days after treatment. Single 
subcutaneous injections of either dose of 
Cortone were followed by accumulation of 


azurophilic cytoplasmic inclusions (Table I, 
Fig. 2 to 5), in fibroblasts of loose connective 
tissue in the injected area. The number of 
these inclusions varied from a few to 100 or 
more and their size averaged between 0.5 and 
2 ». There were marked variations in the 
shape of these inclusions within single cells 
(Fig. 2-5). The number of fibroblasts af- 
fected by 1 mg or 2 mg of Cortone was 
negligible 2 hours after injection, rose sharply 
in the subsequent 2 hours and moderately 
from the 4th to the 24th hour. At this time, 
the phenomenon reached its peak with the in- 
volvement of nearly 50% of the fibroblasts at 
the site of injection. After 24 hours the 
number of affected fibroblasts decreased, but 
so slowly that even after 6 days the incidence 
was still more than one-half of that found at 
24 hours. Crystalline cortisone acetate (1 
mg) suspended in saline did not produce the 
azurophilic inclusions at any of the periods 
studied. It did, however, damage fibroblasts 
which were in the area of deposition of the 
crystals. (Fig. 6). 

The various components of the cortisone 
suspending agent were tested for their ca- 
pacity to induce cytoplasmic inclusions. At 
least 5 animals were used in each group listed 
in Table II. Spreads of loose connective tis- 
sue were taken 6 hours after administration 
from the area of injection. The approximate 
number of cells containing cytoplasmic in- 
clusions is indicated by pluses in Table II. 
As depicted in Table II, a cortisone acetate 
free solution containing all other components 
of Cortone (Components.A, B, and C) was as 
effective in producing topical cellular inclu- 
sions as Cortone. On the other hand, no in- 
clusions appeared after Component A (saline 
and benzyl alcohol) and only a comparatively 
small percentage of fibroblasts was affected 
when the injected solution contained “Tween 
80” (Component B). This leaves carboxy- 
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TABLE II. Cellular Inclusions in Loose ‘Connective Tissue of Intact Mice Produced by the 


Cortisone Acetate Suspending Agent and Other Colloidal Agents. 


(6 hr after s.c. injection. ) 


OCortisone acetate (in suspending 3+ 
agent) 1 mg in .2 c¢ 
Crystalline cortisone (suspended = 
in saline) 1 mg in .2 ce 
Cortisone suspending agent. 3+ 
Comps. A, B, and C,* .2 ec 
Comp. A, .2 ec = 
Comps. A and B, .2 ee + 
Comp. C, .2 ee Sate 


Pectin .5% in .2 ee saline 

Methyleellulose .5% in .2 e¢ 
saline 

Polyvinyl alcohol 
.2 ec saline 

Spinal cord lipids 56% in 
.2 ee saline 

Saline gol., .2 ce 


3+ 


in 


a) 


* Comp. ‘A-—saline gol. with 1.5% Benzyl] alcohol; Oomp. Bsaline sol. with .4% Tween 80 
(Polyoxyethylene sorbitan Monooleate) ; Comp. C—saline sol. with .5% sodium carboxymethyl 


cellulose. 


TABLE IIIf. Distribution of Fibroblast Inclusions in Mice Receiving .1 ce Cortone, Cortone 
Suspending Agent or Its Components. (Spreads taken 6 hr after injection.) 


s$.¢. injection Aer i.p. injection———_, 
Injection Incision Incision 
Component area area General area General 
tested Intact Adrex  Adrex ~ Intact ‘Adrex Adrex Intact Adrex 
Saline Sol. 0 0 0 0 0 0 0 0 
Comp. A 0 0 0 0 0 0 0 0 
A+B + + 0 0 0 0 0 0 
C 3-5 3+ + 0 0 0 0 0 
A+B+C 3+ 3+ + 8) 0 0 0 0 
Cortone + 3+ 3+ 2+ + + 2+ a + 


Comp. A+ B+ C 


5 animals used in each experimental group. For constituents of components tested, see 
Table IT. 1+ =1% to 10%. 2+ =10% to 40%. 3+ =more than 40%. 


methylcellulose (Component C) as the major 
responsible factor. Carboxymethylcellulose 
differed from ‘Cortone in that it produced a 
localized inflamed area in which azurophilic 
inclusions were found in macrophages as well 
as in fibroblasts. When carboxymethylcellu- 
lose was given along with cortisone acetate 
(Cortone) the local inflammatory reaction 
was inhibited and inclusions were confined to 
topical fibroblasts since macrophages were 
absent. Of the other macromicellar com- 
ponents tested, only Pectin was as effective 
in producing cellular inclusions (in fibro- 
blasts as well as macrophages) as carboxy- 
methylcellulose (Table II). No effect on con- 
nective tissue cells was observed in animals 
treated with methylcellulose, polyvinyl al- 
cohol or spinal cord lipids. 

In 120 mice, Cortone and the components 
of the cortisone suspending vehicle were tested 
for their capacity to produce cellular inclu- 
sions in areas remote from the site of injec- 
tion. To exclude endogenous adrenal cortical 
secretion, which could be responsible for a 


possible generalized effect on the fibroblasts, 
5 of 10 animals in each group were adrenal- 
ectomized prior ito injection with the test com- 
ponent preparation. The components were 
injected subcutaneously or intraperitoneally 
into groups of 60 mice each. Connective tis- 
sue spreads were taken from various locations 
after 6 hours, as follows: (a) from the area 
of injection in subcutaneously injected mice; 
(b) from the incision area for adrenalectomy 
in adrenalectomized mice; and (c) from sub- 
cutaneous areas distant from the injection 
zone in the subcutaneously injected intact 
and adrenalectomized animals. In adrenalec- 
tomized subcutaneously injected mice, the 
cytological phenomena were qualitatively the 
same as in intact animals (Table III). The 
incidence of topical fibroblastic inclusions was 
high after subcutaneous injection of any solu- 
tion containing carboxymethylcellulose, much 
lower when the solution contained only 
“Tween 80” and zero when it contained 
neither of these 2 agents. When carboxy- 
methylcellulose was given with cortisone ace- 


ae? 


FIBROBLASTIC INCLUSIONS AND SUSPENDING AGENTS 


tate (Cortone), fibroblasts in sites other than 
the local injection area contained azurophilic 
inclusions. 

The number of fibroblasts affected when 
Cortone was administered to the adrenalecto- 
mized animals was smaller than that seen in 
intact mice in spreads taken from distant 
areas of ‘the subcutis. Intraperitoneal admin- 
istration of Cortone also produced generalized 
fibroblastic inclusions. No generalized inclu- 
sions were found after “Tween 80” or car- 
boxymethylcellulose administration. In Cor- 
tone injected mice the incidence of distant 
fibroblasts containing inclusions was lower 
after intraperitoneal than after subcutaneous 
injection. 

Morphological characteristics of the inclu- 
sions. Irregularly shaped small dark blue in- 
clusions appeared in the cytoplasm of fibro- 
blasts about one-half hour after injection. 
Their number and size increased greatly dur- 
ing tthe following 3-4 hours with accompany- 
ing changes in coloration. After 4 hours, the 
inclusions were large azurophilic elements with 
jagged edges. They differed from intracellu- 
lar granules, i.e. those in mast cells, by their 
variable size, shape, number and staining 
characteristics; from the inclusions character- 
istic of phagocytes by their homogeneity and 
shape and by ‘the absence of a surrounding 
vacuole. During the first hours the affected 
fibroblasts maintained their normal shape 
(Fig. 3). However, later the inclusions in- 
creased in number and size and the cells 
tended to assume a more rounded shape. 
After 24 hours ithere was a slow decrease in 
the number and size of inclusions in affected 
cells (Fig. 5). 

Preliminary observations indicated that the 
azurophilic inclusions were not modified mito- 
chondria. Also, it was apparent that they 
were not composed entirely of lipid since they 
did not disappear when treated for prolonged 
periods with high concentrations of ethanol. 

Comment and summary. The evidence 
presented indicates that various suspending 
agents produce characteristic changes in fibro- 
blasts and macrophages of loose connective 
tissue. Similar alterations occurred in endo- 
thelial system. The azurophilic inclusions 
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were so named because they stain with the 
azur component of the polychrome dyes used. 
The data indicate that administration of cor- 
tisone acetate in conjunction with the sus- 
pending agents tends to increase the number 
of affected fibroblasts in areas remote from 
the site of injection. 

The number of azurophilic inclusions in 
each fibroblast and their persistence for many 
days following a single injection suggests that 
‘the function of this cell may be altered. This 
possibility should be taken into account in 
evaluating the action of Cortone on connec- 
tive tissue reactions. Further, since the sus- 
pending agents also affect endothelial cells it 
is conceivable that they (as well as cortisone 
itself) could be responsible for modifying 
capillary permeability as described by Men- 
kin(4). Also, such agents might modify the 
rate of repair following traumatic or chemical 
injury by altering the fibroplastic activity of 
fibroblasts. 

The alterations in the affected cells did not 
appear to ‘be typically degenerative since their 
nuclei were not adversely affected except in 
the very central portion of the site of injec- 
tion. The azurophilic material did not ap- 
pear to be phagocytized substance but rather 
altered cytoplasm. 

Although the presence of azurophilic inclu- 
sions has not been described by other authors, 
intravenous injection of polyvinylpyrrolidon 
for prolonged periods produced alterations in 
reticulo endothelial cells of spleen, lymph 
nodes, liver, etc., which were similar to those 
found in lipoid storage diseases(5). 

In view of the extent and duration of the 
cytological alterations described here and the 
widespread use of suspending agents, further 
investigation of their possible harmful tissue 
effects should be pursued. 


We are indebted to Dr. Augustus Gibson of Merck 
& Co., for the supply of Cortone and its cortisone 
acetate suspending agents. 


4. Menkin, V., Am. J. Physiol., 1951, v164, 294. 
5. Ammon, R., and Miiller, W., Deutsche Med. 
Wehnschr., 1949, v74, 465. 
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Methods for Local Induction and Quantitative Analysis of Human Sweat. 
(18797) 


VINCENT P. Dot, BERNARD G. STALL, AND IrvING L. ScHWARTZ.* 
(Introduced by F. L. Horsfall, Jr.) 


From the Hospital of The Rockefeller Institute for Medical Research, New York 


. The demonstration by Conn(1), that the 
concentration of sodium in the sweat is af- 
fected by the systemic administration of 
steroid hormones has given a new significance 
and immediacy to the quantitative study of 
sweat composition. When due allowance has 
been made for the influence of the rate of 
sweat flow upon the concentration of sodium, 
as in the standardized test of Locke e¢ al.(2), 
it may be possible to use this phenomenon for 
the clinical evaluation of patients with sus- 
pected. disturbance of steroid metabolism. 
Further progress in the exploitation of this 
system for pharmacological and clinical ends 
would seem to require a greater command of 
its physiology than is now available. Such a 
development, as contrasted with the rapid 
growth of renal physiology, for instance, has 
been delayed by want of convenient and quan- 
titative means for the induction, collection, 
and analysis of sweat. 

As a means of inducing the required flow 
of sweat, the superficial injection of a small 
dose of some cholinergic drug offers a number 
of advantages: (1). convenience, (2) freedom 
from general disturbance of physiological 
state, (3) quantitation and timing of the 
stimulus to the glands, (4) opportunity for 
comparison of the responses of symmetrical 
sites to different stimuli or of the same site to 
repetitive stimuli. This form of stimulation 
has been used in numerous studies, but the 
investigation of the glandular response ap- 
parently has been confined to the qualitative 
detection of emergent moisture. Quantitation 
of the response to local stimulation requires 
the use of special procedures for the collection 


*Porter Fellow of the American Physiological So- 
ciety > supported in part by the Rosenstock Memorial 
Foundation. 

1. Conn, J. W., Arch. Int. Med., 1949; v83, 416. 

2. Locke, W,,. Talbot, N. B., Jones, H.'S.,. and 
Wecior J., J. Clin. Invest., 1951, v30, S258 


and analysis of small quantities of sweat, since 
the advantages cited above would disappear 
in the attempt to, induce sweating by this 
means over an area greater than a few cm?. 
The capillary tube technic of Lobitz and Os- 
terberg(3) could be used for this purpose, and 
would allow observation of the response of a 
small number of glands; however, for studies 
in which it is sufficient to determine the 
average behavior of a larger number of glands 
(100 to 1000, depending on the length of the 
collection period), the methods to be de- 
scribed appear to be both simpler and more 
exact. Actually, they are at least as simple as 
the classical methods of harvesting sweat in 
ml quantities from large areas of skin. Be- 
cause they allow the complete collection of 
sweat from an anatomically homogeneous re- 
gion and the subdivision of the collection into 
short, accurately timed periods, the present 
methods are definitely superior to the large 
scale collections even for the study of the 
sweat response to general stimulation. 
Procedure. The procedures described in 
the present report combine local stimulation 
of the glands with quantitative analysis of the 
sweat. The flow of sweat is induced by the 
subdermal injection of a cholinergic drug in a 
dosage which is sufficiently small to make the 
systemic effect inappreciable, yet is massive 
with respect to ithe cells in the neighborhood 
of the injection. The sweat is absorbed into 
preweighed discs of filter paper (S & S No. 
589, Green Ribbon, 25 mm diameter); the 
amount collected, usually between .010 and 
.100 ml per disc, is determined by the incre- 
ment in weight. Subsequently, each disc is 
extracted for analysis of either sodium or 
urea; other substances of interest could be 
determined by appropriate methods of micro 
analysis. Evaporation is prevented during 


.3. Lobitz, W. C., Jr., and Ose A. C,, J. 
Invest.. Dermat., 1945,. v6, 63.. Fart 
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FIG. 1. Plastic Chamber for the Collection of 
Sweat. 


the collection by a plastic unit, which consists 
of a Bakelite ring and a Lucite cover (Fig. 1). 
The important details in the design of this 
unit are the bevelled vertical junction be- 


tween cover and ring, ‘the flat overhang of the 


cover which is pressed tightly against the ring 
by an arc of spring wire, and the chamber of 
1 mm depth that remains to accommodate the 
disc when the unit is closed. A satisfactory 
fixation of the ring to the skin may be ob- 
tained with a thin film of Duco Household 
Cement, providing that the ring is held firmly 
in place until the cement is dry, a matter of 
about 20 minutes. Once securely fixed, the 
ring may be left in place for at least 3 days. 
Before the test the required number of filter 
paper discs are placed in  glass-stoppered 
weighing vessels (Pyrex, 30 ml capacity) and 
each vessel with its contained disc, is weighed 
to a precision of +0.03 mg. Thereafter each 
disc remains enclosed in its own vessel, ex- 
cept for the time of collection. The vessels 
are kept covered with paper hoods, and are 
handled with care to avoid contamination of 
the rim or stopper. At the completion of a 


test the vessels are returned to the balance 
room, allowed to come to temperature equi- 
librium, and reweighed. If the stimulus is to 
be local, the test area enclosed by the ring is 


_first irrigated with distilled water, dried with 


analytical grade filter paper and then left 
open to allow observation during the injection. 
A 25 gauge, 1% inch needle is introduced into 
the skin outside of the ring and passed in a 
horizontal direction until its tip lies just under 
ithe skin at the center of the area. Through it 
the stimulating solution is injected in a vol- 
ume of 0.1-0.5 ml. The needle is withdrawn, 
a disc quickly set in place and the unit closed. 
Thereafter, at intervals of 10-30 minutes for 
a total of 90-120 minutes, the discs are re- 
placed.t In case it is desired merély to col- 
lect the entire output in one long period, it is 
convenient to employ two discs at the same 
time; the water holding capacities of about 
0.10 ml per disc are additive under these con- 
ditions. For the most part Mecholyl (acetyl- 
B-methylcholine chloride) in a dose of 0.2-2.0 
mg has been used to stimulate the sweat 
glands; comparable results have been ob- 
tained with Prostigmine methylsulfate (0.1 
mg), and Furmethide (furtrethonium iodide, 
0.2 mg). Although procaine alone does not 
cause the excretion of sweat under the condi- 
tions of this test, it potentiates the action of 
Mecholyl and in addition renders the injection 
entirely painless. For these reasons it has 
usually been included in the solution for sub- | 
dermal injection: Mecholyl 25 mg, procaine 
20 mg (2 ml of a 1% solution), and sterile 
water to 12.5 ml. A volume of 0.25 to 0.50 
ml of this solution will provoke a brisk local 
sweat response in the average subject. 


After the test is completed and the weights 
of the samples have been determined, the 
discs are extracted for chemical analysis. An 
extract, suitable for analysis of sodium with a 
Perkin-Elmer flame photometer (Model 52A), 
is given by the following procedure. Each ves- 
sel receives 25 ml of LiNOs solution (75 


yj Water evaporates from a moist disc at about 
1 mg/min; since transfer of disc from plastic 
chamber to closed weighing bottle can easily be com- 
pleted within 2 seconds, evaporative loss may be 
neglected. 
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Multiple Subdermal Injections of Mecholyl, 1 mg and Procaine, 


meq/L) ; it is stoppered, shaken until the disc 
fragments, then decanted through porous filter 
paper (S & S No. 588—1H, 7 cm) to remove 
the pulp. Although eae extraction can 
be obtained without fragmentation of the disc 
when 12 or more hours are allowed for dif- 
fusion, the filtration cannot be avoided if the 
atomizer has a fine capillary, because a few 
fibers inevitably become detached from the 
disc. When the discs are to be analyzed for 
urea, rather than sodium, the extraction pro- 
ceeds differently. To each vessel 0.1 NV 
H.2SO, is added in volume of from 2 to 6 
ml, depending on the estimated content of 
urea. The flasks are allowed to stand at room 
temperature overnight with occasional swirl- 
ing, and then decanted to separate the ex- 
tract from the disc. The determination of 
urea can be effected by a modification of the 
colorimetric method of Archibald(3).  Ali- 
quots of the extracts, 1 ml in volume, are 
pipetted into matched Pyrex cuvettes (10 x 


4. Archibald, R. M., J. Biol. Chem., 
507. 


1945, v157, 


2. The Local Excretions of Sodium and of Water Following a Single and Followmg 
8 mg. (Exp. A and B were 
performed on the same subject, but on different days). 


75 mm size); equal volumes of standard solu- 
tions of urea in 0.1 N H2SOx, (6 to 24 y/ml) 
and of 0.1 N H»SO, alone are treated simi- 
larly to serve as standards and blanks, re- 
spectively. To each tube is added 1 ml of an 
acid mixture (conc. HsSO,, 180 ml; conc. 
H3PO,, 540 ml; water to a total volume of 
1 liter), and 0.3 ml of a 3% solution of 
a-isonitrosopropriophenone in ethyl alcohol. 
The cuvettes are closed with rubber stoppers 
and shaken vigorously to mix the contents. 
In order to maintain the closure while the 
tubes are heated, a wide rubber band is 
stretched from the bottom to the stopper of 
each tube; this remains in place more securely 
if a small solid glass rod projects from the 
center of each stopper. After this preparation 
the ‘tubes are immersed in a boiling water 
bath, from which light is excluded, and heated 
for 2 hours. They are then cooled to 20°C 
and their optical densities at 540 my deter- 
mined in a spectrophotometer. From these 
data the urea concentrations of the unknown 
solutions are calculated in the usual manner. 
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FIG. 3. The cel Exeretions of Urea and of Water 
Following a Single Injection of Mecholyl 2 mg and 
Procaine 1.6 mg. 


Success in application of these procedures 
of collection and analysis requires a meticu- 
lous chemical technic to avoid contamination; 
the glassware must be clean and be protected 
from dust in storage; all manipulations, ex- 
cept handling the outside of containers, must 
be performed indirectly with forceps or a 
clean glass rod. Even with great care in these 
respects, however, it was found that the blank 
value for sodium was excessive; this difficulty, 
which presumably arose from the extraction 
of sodium from glass surfaces, was eliminated 
by coating all glassware with silicone. With 
attention to all details, and with siliconed 
glassware, the blank values for sodium and for 
urea should be less than .2 peq. and .5 y, 
respectively. For comparison, the amounts 
of sodium and of urea contained in 10 mg of 
sweat with concentrations of these substances 
in a low normal range (30 meq./L and 500 
mg/L, respectively) are .3 weq. and 5 y; this 
quantity of sweat approximates the smallest 
amount to which the present method may be 


¢t Clean glassware by boiling in detergent solution, 
followed by boiling in sulfuric acid-dichromate clean- 
ing mixture. Rinse thoroughly with distilled water; 
dry in oven. Expose surfaces to 2% solution of 
silicone (DC200, 350 Ctsk viscosity) in CCly; drain 
off excess. Dry at 100°C for 12 hours, then bake at 
300°C for 30 minutes. This gives a durable coating, 
which remains indefinitely if exposure to detergents 
is minimized in subsequent cleanings. 
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usefully applied. 

Results. Typical responses to local stimu- 
lation of the sweat glands are illustrated by 
the graphs (Fig. 2 and 3). It may be seen 
that the rate of sweat flow reaches an early 
maximum and ‘then declines; that this de- 
cline is due both to removal of the stimulus 
and to fatigue of the glands is suggested by 
ithe fact that reinjection of the drug provokes 
another, but lesser, output of sweat. In more 
detailed studies on the rate of water excretion 
after a single injection, it has been found that 
the excretion commences within 5 seconds 
after the injection, rises to a maximum rate 
within the first 20 minutes, and thereafter 
declines exponentially with a half time of 10 
to 30 minutes. 

The concentration of sodium varies in 
parallel with the rate of flow; this relation is 
similar ito that found with thermal sweating 
(2), and, because of the more intense stimula- 
tion obtained with local injection, is demon- 
strable over a greater range (Fig. 2A). It 
should be noticed, however, that it may be 
affected by ithe preceding functional activity 
of the glands, since different relations between 
concentration and flow rate are found with 
repeated injections into the same area; for 
instance, in Fig. 2B the concentrations are as 
high after the third injection as after the first, 
despite lower rates of flow from the area. 
Urea, unlike sodium, is excreted at a concen- 
tration which exceeds that of the plasma and 
which is independent of the rate of sweat flow 
over wide limits (Fig. 3); with rates of ex- 
cretion which are at the lower limit of the 
present methods ‘there appears to be a fur- 
ther increase in the concentration. 

Summary. Procedures are described for 
the stimulation of sweat by local injection of a 
cholinergic drug, the quantitative collection 
of the output from a definite area during con- 
secutive periods, the determination of the 
volume and of either the sodium or the urea 
concentration in each sample. In their present 
form, these procedures are applicable to quan- 
tities of sweat between 10 and 200 mg; with 
slight modifications of the methods, these 
limits could be extended. 
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Effectiveness of Thiocyanate Analog of Vitamin B,,. in Pernicious Anemia.* 


(18798) 


G. Watson James, III,t anp LyNN D. Apzort, Jr. 
From the Departments of Medicine and Biochemistry, Medical College of Virginia, Richmond, Va. 


Since the announcement of crystalline vit. 
By2(1) two hemopoietically active modifica- 
tions, By2, and Bys,, have been described. 
Vit. B,. has been shown to be a cyano-cobalt 
coordination complex(2) and has been desig- 
nated cyano-cobalamin(3). Vit. By2, does not 
contain the cyano group(2). Comparative 
data now indicate vit. By, and By are 
identical(4) and represent the replacement 
of the cyano group by an hydroxo group in 
the vit. By. molecule(3). This substance 
therefore has been designated. hydroxo-cobala- 
min(3). Other analogs of vit. By. in which 
the cyano group of cyano-cobalamin has been 
replaced by other groups such as chloro, 
cyanato and sulfato have been prepared and 
tested for their microbiological activities(3). 
Vit. Byo.(4,5) and Bys,(6) had previously 
been reported to have a therapeutic potency 
in pernicious anemia comparable to that of 


* We wish to express our appreciation to Dr. 
William Branch Porter, for his permission to carry 
out this study on the Medical Service. A generous 
quantity of the analog was supplied us by Merck and 
Co., Rahway, N. J., through the courtesy of Dr. R. 
A. Peterman. We are indebted to Dr. N. F. Young 
for serum potassium determinations on the flame 
photometer, and to Anne Anderson, Mary Dodson, 
Vivian Wilkerson and Carolyn Williams for technical 
assistance. 

7 John and Mary R. Markle Foundation Scholar 
in Medical Science. 
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vit. Bio. Studies on the effectiveness in per- 
nicious anemia of other analogs of vit. Bio 
have not been reported. Buhs, Newstead, and 
Trenner(7) -havé-.prepared the thiocyanate 
analog of vit. By. in which the cyanide ion 
of vit. Bi2 was replaced by the thiocyanate 
ion. Like vit. By, (hydroxo-cobalamin) it 
was found to be microbiologically equivalent 
to vit. By2 in the L. lactis cup assay but dif- 
fered from vit. By». in titrimetric assay meth- 
ods(7). In the present paper we report stud- 
ies showing the thiocyanate analog of vit. Bys 
to be fully active hemopoietically in per- 
nicious anemia. 

We reported previously(8) that certain bio- 
chemical changes can be observed preceding 
and during the hematologic response to crys- 
talline vit. By. in pernicious anemia. These 
include an early decrease in urinary excretion 
of phosphate, followed by increased uric acid 
excretion with beginning reticulocytosis, and 
increased phosphate excretion during the 
period of maximum reticulocytosis. In the 
present investigation similar biochemical stud- 
ies were correlated with the hematologic and 
clinical responses to the thiocyanate analog of 
vit. Bip. 

Two previously untreated white male pa- 
tients with pernicious anemia in relapse were 


placed on a general hospital diet which fur- 


nished a constant intake of phosphorus 
(about 1.6 to 1.7 g phosphorus daily). Clin- 
ical diagnosis was substantiated by presence 
of a macrocytic anemia, megaloblastic bone 
marrow and histamine refractory achlorhy- 
dria. Crystalline thiocyanato-cobalamin, in 
saline solution, 15 »g per cc, was administered 
parenterally according to the schedule used 
with vit. By: 15 yg initially, then 5 pg daily 


7. Buhs, R. P., Newstead, E. G., and Trenner, N. 
R., Science, 1951, v113, 625. 

8. James, III, G. W., and. Abbott, Jr., L.D., pre- 
sented at Am. Fed. for Clin. Res., Eastern Section, 
Dec. 9, 1950, Washington, D. C. 
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FIG, 1. Effects on Urinary Phosphorus, and on Serum Potassium and Phosphorus, with Rela- 
tion to the Reticuloeyte and Total Red Cell Response in 2 Cases of Pernicious Anemia Treated 
with the Thiocyanate Analog of Vit. Byo. 


until the peak of the reticulocyte response 
after which 5 wg was administered every other 
day. The clinical response to treatment was 
similar to that observed by us with crystalline 
vit. By. except for the neurological manifesta- 
tions in the older patient. Striking in each 
patient was the remarkable effect on appetite, 
general strength and feeling of well-being. 
Patient A.B. (57 years) was discharged after 
12 days treatment with the analog. He was 
then given vit. By. since it was necessary for 
him to leave the city. During the period of 
hospitalization he received a total of 60 pg 
of thiocyanato-cobalamin in 10 days, an aver- 
age of 6 wg per day. The only neurological 


finding was minor subjective tingling in the 


fingers, present for a week prior to admission, 
which he said improved following treatment. 
Patient J.C. (83 years) was treated con- 
tinuously with the analog for a period of 61 
days and received a total of 225 pg, 75 of 
which were given during the 9 days of hos- 
pitalization.+ Neurological symptoms were 


+ This patient received 15 wg on 8th and 9th 
days. « 


moderately severe and had been present for 
about 6 weeks. In general the neurological 
response was disappointing. After discharge 
he received a single dose of 15 pg per week 
for 2 weeks. The dose of the analog was then 
increased to 30 wg a week for 3 weeks without 
noticeable improvement. When our supply 
was exhausted (after 61 days) he was given | 
vit. By. and about a month later, after 90 ug, 
stated there was some subjective improve- 
ment. 


Maximum reticulocytosis occurred in each 
subject on the 7th day of treatment, but re- 
sponse in the younger man, A.B., was more 
vigorous (Fig. 1). Increases in hemoglobin 
and hematocrit were consistent with improve- 
ment in the red cell count. Leucopenia 
(<3000) was present prior to treatment in 
both instances. In A.B. a normal leucocyte 
count was obtained on the 4th day of therapy, 
while in J.C. a moderate leucopenia (2350 to 
4200) persisted until the 9th day of treatment 
after which normal counts were obtained. 


Fig. 1 shows the response in urinary phos- 
phorus excretion in both men. The effect 
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was the same as that observed previously with 
crystalline vit. By. administered in the same 
dosage. There was a prompt diminution in 
urinary phosphate excretion which: occurred 
before any change in reticulocyte count. This 
was more marked in A.B. and was accom- 
panied by a drop in serum phosphorus and 
serum potassium. - Following the initial de- 
crease there was a marked increase in urinary 


phosphorus parallel with the reticulocyte rise. 


Serum alkaline phosphatase in A.B. was 2.7 
to 2.8 Bodansky units per 100 cc before and 
after treatment except for a value of 3.2 units 
on the day when serum and urine phosphorus 
were greatest. An increase in urinary uric 
acid-creatinine ratio accompanied reticulocy- 


ERGOTHIONEINE DEPLETION IN RABBIT ERYTHROCYTES 


tosis. Similar changes occurring after vit. 
By. in pernicious anemia patients were inter- 
preted by us as being due to increased utiliza- 
tion of phosphate accompanying a profound 
stimulation of nucleoprotein metabolism(8). 


Summary. The thiocyanate analog of vit. 
B,». (thiocyanato-cobalamin) has been shown 
to be fully active hematologically in perni- 
cious anemia:~In two patients the early bio- 
chemical and hematologic responses were the 
same as observed with same dosages of vit. 
By. Further evaluation of the neurological 
response to this analog is necessary. 
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Methemoglobin Formation and Reversion. 


(18799) 


S. S. Sprcer, J. G. WooLry, AND ViRGINIA KESSLER. 


From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Public Health Service, Federal Security Agency, Bethesda, Md. 


Recent studies on methemoglobin (MHb) 
formation and reduction in_ nitrite-treated 
rabbit erythrocytes revealed. an acceleration 
in both the appearance and reversion of MHb 
in red cells of animals raised on a purified 
diet(1). Liver paste added to this diet re- 
tarded the MHb formation rate but various 
crude supplements such as liver, yeast, wheat 
germ, and kale. failed to alter the MHb re- 
version rate. Supplements of ergothioneine, 
glutathione, and vit. Bio have since been 
tested and it has been found that the ergo- 
thioneine retards MHb formation or reduction 
to a rate characteristic of corpuscles of ani- 
mals raised on a stock diet. Moreover, the 
blood ergothioneine level varies inversely with 
the MHb rates, being low in rabbits on the 
purified diet and high in those fed the stock 
diet or treated with ergothioneine. 


Procedure. Fifty male New Zealand strain 
albino rabbits weighing 1600-1800 g were 


1. Spicer, S. S., and Wooley, J. G., Arch. Biochem., 
1950, v27, 202. 


placed on the purified diet designated as No. 
672, while 12 animals were put on the stock 
diet composed of Purina rabbit pellets(1). 
Diet 672 contained sucrose, casein, cello- 
phane, Wesson oil, O.M. salt mixture and 
vitamins as described previously. After 5 
months the 'test rabbits were separated into 5 
equal groups. Equal blood samples of the 
individuals in each group were pooled, and the 
rate of MHb formation was determined in the 
washed substrate-free erythrocytes following 
addition of a standard dose of NaNOz. This 
test and the determination of the rate of re- 
version of MHb after addition of a standard 
NaNO, dose to corpuscles suspended in a 
medium containing lactate as substrate were 
carried out according to the procedure already 
outlined(1). Supplements of vit. Bys, ergo- 
thioneine and glutathione, were then given 
three groups (Table I). Three months later 
the MHb tests were repeated, and in addition 
the erythrocyte ergothioneine and glutathione | 
content was measured using the most recent | 
Hunter method for ergothioneine(2). In or- 
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TABLE I. Effect of Diet on Blood Ergothioneine and the Rate of MHb Formation and Reversion. 

designates 6.7 mg % ergothioneine, G-SH 10 mg % glutathione, Byo 8.3 y % vit. By, L 1% liver paste 

(Valentine’s 1:20 concentrate). Flasks for MHb formation tests contained 2 ml washed corpuscles + 

6 ml .85% NaCl + .15 ml 1% NaNO». Flasks for MHb reversion tests contained 2 ml washed cells + 
2 ml M/4 sodium lactate + .3 ml 1% NaNO». 


MHb formation: 


g Yo MHb7 min. 


MHb reversion: mg ergothioneine/ 


Supplement after addition of time inhrforMHb 100 mlof erythro- 
Duration of exp. to diet 672 NaNOg to return to 3 g % cytes* 

(mo.) 5 8t 10+ 5 8 10 5 8 10 8 10 
Purified 0 Bie 0 4.8 5.4 4.6 1.83 2.17 1.83 0 0 
diet 0 E 0 5.2 1.8 Wi, 1.83 2.67 2.58 23.1 14 
0 G-SH Bio 4.7 5) 5.2 1.75 1.75 1.50 0 0 
0 0 L 4.8 5.4 3.8 1.58 ISAS) 1.75 0 4 

0 0 E Ste eal 3.5 1.83 2.25 0 9.6 
Stock diet All 1.8 1 2.08 2.58 2.83 7 11 


* A faint yellow color equivalent to 1-2 mg % ergothioneine was encountered in purified diet cell fil- 
trates but only characteristic pink color was interpreted as representing ergothioneine. 
+t Duration indicated by 8 is from 5 mo. through 8 mo., that by 10 is 8 mo. through 10 mo. 


¢ Not tested at this time. 


der to check the findings, an altered supple- 
mental regime was instituted for a final two 
months after which the MHb and ergothio- 
neine determinations were repeated. 

Results. At the end of the 5-months’ in- 
duction period the rate of appearance and 
disappearance of MHb was found to be uni- 
formly rapid for corpuscles of all the experi- 
mental groups as compared with the stock 
diet controls (Table I). After the various 
supplements to diet 672 had been consumed 
for 3 months the rate of formation and rever- 
sion of MHb became retarded in the cells of 
the group given ergothioneine, whereas no 
change occurred in the other groups. Ergo- 
thioneine determinations showed a very low 
or negligible amount in the washed erythro- 
cytes of all the test groups except that which 
received the ergothioneine supplement. The 
cells of the latter had a higher level than those 
of stock diet controls. 

The diets tested had no influence on the 
glutathione level, for the concentration of this 
substance was comparable in the washed cells 
of the several experimental groups and the 
controls. The animals were tested again 2 
months after the supplements were altered. 
Some slowing of MHb formation and rever- 
sion was observed together with a correspond- 
ing increase in blood ergothioneine on adding 


this substance to the diet of a group pre- 
viously unsupplemented. The group from 
which ‘the ergothioneine supplement was with- 
drawn revealed little change either in the 
amount of the compound in the blood or the 
MHb tests. However, the level decreased to 
4mg % 4 months after the ergothioneine was. 
withdrawn. Addition of liver extract to the 
diet of a previously untreated group caused 
the blood ergothioneine to increase. The 
anomalous results encountered in earlier 
studies with liver supplements recurred in this 
test—that is, a slowing of the rate of MHb. 
formation without a corresponding change in 
the time required for MHb to disappear (1). 

Certain incidental observations were made. 
Ergothioneine depletion was found to have no 
distinct influence on the hemoglobin concen- 
tration, hematocrit value, number of circulat- 
ing erythrocytes, red cell fragility or oxygen 
dissociation curve.’ Following a standard dose 
of aniline, no difference in the rate of ap- 
pearance of MHb was noted in the 6 groups 
of Table I. Washing erythrocytes decreased 
the ergothioneine content approximately 20% 
and storage at 4°C caused roughly a 50% 
decrease in a week. 

Discussion. - Dietary variation in the blood 
ergothioneine level of pigs and rats was re- 
ported by Eagles and Vars(3), and Potter and 


2. Hunter, G., Canadian J. Research, 1949, v27 (E) 
230. 


3. Eagles, B. A., and Vars, H. M., J. Biol. Chem., 
1928, v80, 615. 
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Franke(4), respectively. However, Touster, 
using the bromine-labile sulfur method(5) as 
well as the Hunter method of ergothioneine! 
assay, has failed to confirm the latter results. 
Hunter recently, unlike Eagles and Vars, did 
not find that maize meal contains an ergothio- 
neine precursor(6). The definite dietary in- 
fluence on blood ergothioneine reported here, 
while possibly a species characteristic, is quite 


likely at least in part also attributable to the _ 


fact that the animals were started on the ex- 
perimental diet at weaning. 

Absence of an ergothioneine protective ac- 
tion against oxidation of the hemoglobin could 
account for the occurrence of an unidentified 
hemoglobin derivative previously observed in 
erythrocytes of the purified diet rabbits(7). 


4. Potter, V. R., and Franke, K. W., J. Nutrition, 
1935, v9, 1. 

5. Touster, O., J. Biol. Chem., 1951, v188, 371. 

6. Hunter, G., Bzochem, J., 1951, v48, 265. 
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NUTRITIONAL OBESITY IN YELLOW MICE 


Likewise, ergothioneine differences may be 
implicated in the individual and age differ- 
ences previously observed in MHb rever- 
sion(8). 

Summary. 1, Erythrocytes of rabbits fed a 
purified diet are nearly or completely devoid 
of ergothioneine. 2. The amount of ergothio- 
neine in the red cells of purified diet rabbits 
increases with_a supplement of liver or ergo- 
thioneine. 3. MHb formation and reversion 
rates after NaNOz are related inversely to the 
ergothioneine blood levels. 4. The diets used 
do not influence the blood glutathione 


The authors are indebted to Mr. Howard F. Bru- 
bach for valuable assistance in aspects of this work. 


7. Spicer, S. S., Wooley, J. G., and Clark, A. M., 
J. Biol. Chem., 1950, v182, 445. 

8. Spicer, S. S., and Reynolds, H., Am. J. Physiol., 
1949, v159, 47. 
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Paut F, FENTON AND HERMAN B. CHASE. 


From the Department of Biology, Brown University, Providence, R. I. 


It has been well known for many years that 
obesity is associated with yellow coat color in 
mice. That continued inbreeding reduces the 
obesity is less widely known but has been the 
experience of several mouse geneticists who 
have developed inbred lines of this stock. In 
mice the gene (A*) for yellow coat color is 
dominant over the other alleles (A, A, a‘, a) 
at this agouti locus, and the homozygote 
(AY A’) is lethal. Consequently yellow mice 
are always heterozygous for yellow and pro- 
duce both yellow and non-yellow offspring. 
By continued inbreeding of a yellow stock 
(successive brother-sister matings with one or 
both parents yellow), complete homozygosity 
at all loci is approached except at the A locus. 


In this manner yellow and non-yellow litter- 
mates are obtained having the same genetic 
background and differing only in that the 
yellows have one A” gene and the non-yellows 
have none. Danforth(1), by crossing yellows 
ito certain unrelated lines, showed that it was 
possible to increase the expression of obesity 
in the F, hybrid yellows. This practice of 
obtaining F; obese yellows has been employed 
in other studies on obesity(2,3). In the ex- 
periments to be reported here, however, such 
hybrid yellows were not used. 

Two inbred yellow sublines (one pink-eyed 
and the other not) have been developed by 
one of us (H.B.C.). In view of the failure of 
the yellows of these sublines (and certain ones 


*This investigation was supported by grants from 
the American Cancer Society upon recommendation 
of the Committee on Growth of the National Re- 
search Council; The National Cancer Institute, U. S. 
Public Health Service; and the Anna Fuller Fund. 


1. Danforth, C. H., J. Hered., 1927, v18, 153. 

2. Dickerson, E. G., and Gowen, J. W., Records 
Gen. Soc. Am., 1946, v14, 44. 

3. Dickie, M. M., and Woolley, G. W., J. Hered., 
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in other laboratories) to become obese under 
the usual conditions of colony maintenance, 
the question arose whether dietary manipula- 
tions could still bring out a capacity to be- 
come obese not shared by the non-yellow lit- 
termates. 

Methods. Exp. 1. Two inbred yellow sub- 
lines were developed from the yellow stock of 
Jackson Laboratory. One subline is of the 
genotype CCA*/abbDDppss and is ‘pink-eyed 
yellow and café-au-lait (non-yellow). The 
other subline is of the genotype CCA’*/ 
aBBDDPPss and is normal-eyed yellow and 
black (non-yellow). Both sublines are white- 
spotted. Since there is no difference in weight 
between these sublines, they will be consid- 
ered together as the yellow strain. Yellow 
and non-yellow littermates were weaned be- 
tween 21 and 28 days of age. They were 
maintained in plastic cages, one ‘litter per 
cage, and fed a commercial stock ration. Food 
and water were supplied ad libitum. 

Exp. 2. Yellow and non-yellow littermates 
of the sublines used in Exp. 1 were weaned 
when 21 days of age. At this time they were 
placed in individual screen-bottom metal 
cages and fed diet No. 226 or a commercial 
stock ration. Diet No. 226 was composed of 
casein 30%, sucrose 17.5%, corn oil 5%, 
hydrogenated cottonseed oil 42.5%, and salt 
mixture A(4) 5%. Fat- and water-soluble vita- 
mins were added to this mixture in the 
amounts previously reported(4). Food and 
water were supplied ad libitum. The animals 
were weighed every 3 days until 51 days of 
age, Thereafter they were weighed once each 
week. They were sacrificed at 6 months of 
age and carcass fat determined by the method 
described by Feyder(5). A total of 72 mice 
were used in these 2 experiments. 

Results. Exp. 1. At 6 months of age yellow 
mice were only slightly heavier on the average 
than their non-yellow littermates. At one 
year of age only one yellow male reached a 
weight of 50 g, all other animals weighing 
less than 41 g. 

Exp. 2. The weight gains of yellow and 


4. Fenton, P. F., and Carr, C. J., J. Nutrition, 1951, 
v43, 441. 
eS Feyder, S., J. Nutrition, 1935, v9, 457. 
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FIG. 1. Growth Curves of Yellow and Non-yellow 
Mice Fed Diet #226. 


non-yellow males and females fed diet No. 
226 are shown in Fig. 1. Only one yellow 
male gained less weight during the experi- 
mental period than did the heaviest of the 
Table I summarizes the 
fat content of the several experimental groups 
fed the highly purified diet. At the time of 
autopsy all yellow mice were found to have 
fatty livers, and two of them had liver tumors 
of moderate size. No comparable difference 
in weight gains was noted between yellow mice 
and non-yellow littermates when raised on the 
commercial stock ration. 

Discussion. The experiments reported here 
confirm the observation that yellow mice 
maintained under the usual laboratory con- 
ditions (housed either singly or in groups) 
did not become obese although they attain a | 
body weight slightly greater than that of their 
non-yellow littermates. It is clear, however, 
that mice with the yellow gene, A’a, still re- 
tain their capacity to become obese when fed 
suitable diets. The littermates homozygous 
for the non-yellow allele, aa, do not possess 
this capacity as far as we have been able to 
determine. The induction of obesity in yellow 


TABLE I. Fat Content of Yellow and Non-Yellow 
Mice Fed Diet #226 until 6 Months of Age. 
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Yellow males 50.7 17.2 33.5 BS 
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Non-yellow males 34 5.6 28.4 16.3 
Ge females 27.7 4.2 23.5 14.6 
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mice by the feeding of a diet of the “syn- 
thetic” type might be attributed to the greater 
nutritional adequacy of the synthetic diet as 
compared with the commercial pellet, or to the 
greater fat content of diet No. 226. Further 
experiments are needed to answer this ques- 
tion. Fatty livers such as shown by the 
yellow mice fed diet No. 226 have been re- 
ported in mice of the A and Cs3H strains by 
Fenton and Mershon(6). : 

The occurrence of two liver tumors seems 
worthy of mention although no data are avail- 
able on the incidence of liver tumors in these 


6. Fenton, P. F., and Mershon, J. S., Fed. Proc., 
1951, v10, 382. 
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yellow sublines. The existence of such tumors 
in animals only 6 months of age merits fur- 
ther attention. 

Summary and conclusions. 1. The observa- 
tion has been confirmed that yellow mice on 
continued inbreeding no longer become obese 
if maintained under the usual laboratory con- 
ditions. 2. Feeding a diet of the “synthetic” 
type made it possible to induce obesity in the 
yellow mice but not in their non-yellow litter- 
mates. 3. The obese yellow mice were ob- 
served to have fatty livers. Two of these ani- 
mals were found to have liver tumors. 


Received May 28, 1951. P.S.E.B.M., 1951, v77. 
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of Primary Atypical Pneumonia.* 
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Monroe D. Eaton, MAupe E. Perry, and Ita M. Gocke. 


From the Department of Bacteriology and Immunology, Harvard Medical School, Boston, Mass. 


Since the atypical pneumonia virus is inter- 
mediate in size between the agents of the 
psittacosis-LGV group and the so-called “true” 
viruses like influenza it may occupy in rela- 
tion to chemical inhibition a strategic position 
one step down the scale from the “bacteria- 
like” viruses and rickettsiae for which many 
inhibitory substances have already been found. 
For this reason further exploration of the rela- 
tion of chemical structure of certain substances 
to antiviral activity has been undertaken with 
this agent. 

In a previous publication(1) it was reported 
that chloramphenicol had little effect on the 
pulmonary lesions produced in cotton rats by 
intranasal inoculation of the atypical pneu- 
monia virus, but more recent studies to be 
reported here indicate activity in chick em- 
bryos. Because of the similarity of action of 
other p-nitro-benzene and 5-nitrofuraldehyde 


* This work was supported in part by grants from 
the Division of Research Grants and Fellowships of 
the National Institutes of Health, U. S. Public 
Health Service, and the Eugene Higgins Trust. 

1. Eaton, M. D., Proc. Soc. Exp. Brox. AND MEp., 
1950, v73, 24. 


derivatives particularly those containing a 
semicarbazone group to that of chlorampheni- 
col against respiratory infection in mice with 
viruses of the psittacosis-LGV group(2) it was 
considered of interest to study the effect of 
these substances against the atypical pneu- 
monia virus. Experiments were also done with 
para-amino-benzaldehyde thiosemicarbazone 
and its acetyl derivative which have recently 
been reported to show slight inhibitory activity 
against vaccinia virus in mice and chick em- 
bryos(3). 

Materials and methods. The methods of 
performing the experiments in chick embryos 
and cotton rats were essentially the same as 
those described(1). Chick embryos inocu- 
lated by the amniotic route with virus 
received the test substances in the yolk 
sac. Drugs ‘used for the chick enbryos | 
were sterilized by heat or filtration but for 
intraperitoneal injection of cotton rats the — 
semicarbazones and thio-semicarbazones were 


2. Eaton, M. D., Huang, C., and Levenson, C. G., 
Proc. Soc. Exp. Brot. anp Mep., 1949, v71, 501. 

3. Hamre, D., Bernstein, J., and Donovick, R., 
Proc. Soc. Exp. Brox. anp MEp., 1950, v73, 275. 
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TABLE IL. Effect of Chloramphenicol and 5-Nitro-Furaldehyde Semicarbazone Derivatives on 
Growth of Atypical Pneumonia Virus in Chick Embryos. 


-— Treated eggs—, ,— Control eggs ~ 


Dosagemg/egg Atypical Result of Result of 
Exp. and time pneumonia No. in passage No.in , passage 
No Substance interval strain pool to C.R.* pool to C.R.* 
1 Chloram. 5 mg 1 hr after De 5 1/6t 8 4/6 
2 iY 4 2/8 6 4/6 
3 27 5 0/6 5 5/6 
4 Mae 8 0/14 9 7/13 
5 NF Itt 5mg 2X § fi 13 0/10 6, 5/12 
6 7 a aa De 16 3/10 12 6/9 
7 NE Vt if fe Mae 8 0/13 7 6/12 
8 ef ee ie 6 9/16 10 8/15 


* No. of animals with pulmonary lesions over total tested. 


+ Very small pulmonary lesions. 


} NF IT is 5-nitro-2-furaldehyde 2-8 hydroxyethyl semicarbazone, NF V is 5-nitro-2-furalde- 


hyde 4-(Diethylaminopropyl) semicarbazone. 
§ Two doses at 2 and 48 hr after virus. 


ground and suspended in saline without heat- 
ing. Dosages of drug up to one third or one 
half the LD5o were used in these experiments. 
Amounts given intraperitoneally to the cotton 
rats were recorded as milligrams per 100 of 
body weight. The system of recording pul- 
monary lesions and calculating lesion scores 
was the same as that used before. Lesions 
involving % to 4% of the total volume of lung 
tissue were recorded as 2, those involving 4 
to 4% of the lung as 1, those involving less than 
¥g of the lung as 1%. Lesions less than 1 mm 
in diameter were recorded as + and may be 
considered to have doubtful significance. 
Results in chick embryos with chloram- 
phenicol and derivatives of 5-nitro-2-furalde- 
hyde semicarbazone. In embryos treated with 
a single dose of 5 mg of chloramphenicol 1 
hour after infection multiplication of virus 
was apparently inhibited since only 3. of the 
34 cotton rats inoculated intranasally from 
treated embryos developed very small pul- 
monary lesions while 20 of the 31 animals 


receiving control material had small or large 


patches of pneumonia. These results are pre- 
sented in Table I (experiments 1-4). Since 
the virus grown in chick embryos infects cot- 
ton rats only at dilutions of 107 or 10% the 
reduction of the amount of virus in the treated 
embryos was 10-fold or more. With the 2 
nitrofuraldehyde compounds given in 2 doses 
2 and 48 hours after the virus the effects were 
somewhat irregular. The method could not be 
expected to detect individual variation be- 


tween eggs since material from the chick 
embryos in each experiment is pooled. In 
Experiment 6 where some virus was detected 
in the treated group, 16 eggs had been pooled 
(the largest group in ‘the series) thus giving 
a greater chance of including one positive 
embryo. 

Results in cotton rats with mitro- or amino 
cyclic aldehyde derivatives. Two experiments 
were done in cotton rats with 5-nitro-2-furalde- 
hyde-4-(diethylaminopropyl) semicarbazone 
(NF V) and one with the 2-6-hydroxyethyl 
semicarbazone (NF II). As will be seen in 
Table II both compounds at a dosage of 8 to 
10 mg/i00 significantly reduced the number 
of animals with lung lesions, but with a dose; 
of 6.5 mg/100 of NF V (Experiment 10) the 
results were less favorable. P-nitrobenzalde- 
hyde semicarbazone (NB I Experiments 10 
and 11) was included in these studies for com- 
parison with the nitrofuraldehyde semicarba- 
zones. The results appeared to be similar 
to those with the nitro-furaldehyde semicar- 
bazone. Experiments with p-nitrobenzalde- 
hyde thiosemicarbazone and the correspond- 
ing p-amino benzaldehyde derivative at the 
maximum tolerated dosage gave an apparent 
reduction of the pulmonary lesions but the 
results were not as clear cut as with the semi- 
carbazone derivatives. 

The acetyl derivative of p-aminobenzalde- 
hyde thiosemicarbazone (AB II) was found 
to be less toxic for cotton rats than the other 
substances in this series. When this com- 
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TABLE II. Direct Treatment of Experimental Pneumonia in Cotton Rats, 
Daily dosage No. of animals with 
Exp. mg/100 g Started pulmonary lesions of Avg Infection 
No. Drug* body wt at hy Eg Ol Leming 15 + 0 LESH ratio 
9 NFV 10 24 Veet) 1 2 9 U7, 1/12 
0 1 4 if 2 3 12.7 6/11 
10 NEV 6.5 1 Ofte L 1 2 4 5 2/8 
NBI 6.5 ib 30 2 0 + 3.3 2/6 
0 i potal 4 1 1 12.5 6/8 
11 NFII 8 1 ORACO ST aE 0 6 14 1/7 
NBI 10 1 01.0 1 3 5 2.8 1/9 
ABI 6 1 OVS 1 Lars S 3 1/5 
0 Be 40 i 2 19 6/9 
12 NBII 8 1 Sth a 1 3 6 4.1 2/11 
ABI 8 1 (Oh nal 1 1 4 5 2/7 
0 On Bee te ee 8 9.5 7/11 
13 ABIT 20 1 0-0 0 0 8 0 0/8 
ae, 10 1 Ongegak 1 Ce 5, 4.4 2/8 
4 5 1 Oval 0 0 7 2.5 1/8 
0 Oi) Seine 2 5 8.8 8/15 
* NBI = p-nitro-benzaldehyde semicarbazone; NBII = p-nitro-benzaldehyde thiosemicarba- 
zone; ABI=p-aminobenzaldehyde thiosemicarbazone; ABII -=p-acetylamino benzaldehyde 
thiosemicarbazone. 
+ Lesion scores represent % of pulmonary consolidation—see section on Methods and Mate- 
rials. 


pound was given in daily doses of 20 mg per 
100 g body weight, complete suppression of 
the pulmonary lesions was observed in one 
Experiment (No. 13) but when the dosage 
was lowered to that used with the p-nitro- or 
p-amino-benzaldehyde thiosemicarbazone the 
results were similar to those obtained with the 
latter two compounds. 

Discussion. Despite the failure of chloram- 
phenicol to affect materially the course of the 
infection with atypical pneumonia virus in 
cotton rats(1) this compound was found in 
the present study to inhibit the growth of the 
virus in chick embryos. Extension of these 
observations to other nitro compounds re- 
vealed that two derivatives of 5-nitro-2-fur- 
aldehyde semicarbazone in contrast to chlor- 
amphenicol produced only irregular inhibi- 
tion of the growth of the virus in chick em- 
bryos but did have a rather marked effect in 
reducing the development of pulmonary 
lesions in cotton rats when used at the maxi- 
mum tolerated dosage. Two compounds of 
related structure, which have not been pre- 
viously tested, p-nitrobenzaldehyde semicar- 
bazone and thiosemicarbazone also showed 
some inhibitory effect in cotton rats. 

The observation that p-acetylaminobenz- 
aldehyde thiosemicarbazone when used in 


large doses completely suppressed the pul- 
monary lesions in cotton rats indicates that 
the nitro group is not essential to this effect. 
All of the compounds active in cotton rats 
contained the semicarbazone or thiosemicar- 
bazone structure while chloramphenicol which 
had little or no activity in these animals 
has a different side chain. Results in some 
of the earlier studies with the psittacosis- 
LGV group of viruses were analogous to the 
recent findings with atypical pneumonia virus. 
Against the psittacosis-LGV group of viruses 
chloramphenicol showed greater activity in 
chick embryos than against experimental pneu- 
monia in mice and this was true of other 
chemotherapeutic agents such as penicillin, 
nitro-acridine and _ p-nitro-benzamide(2). 
Nitrofuraldehyde semicarbazone showed 
greater activity against pulmonary infections 
with lymphogranuloma venereum and mening- 
opneumonitis viruses in mice than did 
chloramphenicol while in chick embryos the 
reverse was ‘true. These observations sug- 
gest that the semicarbazone or thiosemicar- 
bazone group may confer some special ac- 
tivity against pulmonary infections and the 
possibility of a general physiological effect in 
the animal as a factor in the mode of action 
of these compounds should be considered. 


inclusion. bodies. 
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Studies to measure the degree of inhibition by 
various substances of viral growth in lungs 
in comparison with the amount of pulmonary 
consolidation are being carried on. 

None of the semicarbazones or thiosemi- 
carbazones used in these studies appears to 
have as favorable a chemotherapeutic index 
as aureomycin or chloromycetin so that there 
is nothing to indicate their clinical usefulness 
in the treatment of atypical pneumonia. The 
observed relation of chemical structure to 
activity against certain viruses of large particle 
size including recent reports of slight activity 
against vaccinia in chick embryos and mice 
(3,4) seems of interest from the fundamental 
point of view and:as a suggestion for further 
studies with other viruses in the same range 
of particle size. 

Summary. 1. Chloramphenicol inhibited the 
growth of primary atypical pneumonia virus 


4. Thompson, R. L., Price, M. D., and Minton, S. 
A., Jr., Proc. Fifty-first Gen. Meeting Soc. Am. 
Bact., 1951, p. 102. 
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in chick embryos when injected into the yolk 
sac as a single dose of 5 mg one hour after 
amniotic inoculation of virus. Less definite 
inhibition of the growth of this virus in chick 
embryos was observed with two derivatives of 
5-nitro-2-furaldehyde semicarbazone. 2. Cot- 
ton rats infected intranasally with the virus 
of atypical pneumonia were treated by intra- 
peritoneal injection of several different cyclic 
aldehyde semicarbazone and thiosemicarba- 
zone derivatives. Most marked suppression 
of the pulmonary lesions was obtained’ with 
substituted 5-nitro-2-furaldehyde semicarba- 
zones, p-nitrobenzaldehyde semicarbazone, 
and p-acetylaminobenzaldehyde thiosemicar- 
bazone. 


The authors wish to acknowledge with thanks the 
generous supply of compounds furnished by Dr. 
A. F. Langlykke of the Research and Development 
Laboratories of E. R. Squibb and Sons, and by Dr. 
Mary F. Paul of the Eaton Laboratories, Inc. 
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E. C. PirtLe anp A. P. McKEE. 


From Department of Bacteriology, State University of Iowa, College of Medicine. 


Several workers in diagnostic and research 
laboratories have observed extraneous diseases 
among their experimental guinea pigs. Romer 
(1) discovered a sporadic disease in guinea 
pigs which he termed infectious paralysis. 


The virus of this disease could be passed in- 


definitely by brain to brain transfer. Jack- 
son(2) described intracellular parasites in the 
submaxillary glands of guinea pigs, but these 
were shown by Cole and Kuttner(3) to be 
Later Kuttner(4) found 


* This investigation was aided by the Central Sci- 
entific Fund, College of Medicine, State University of 
Towa. 

1. Romer, Zbl. Bakt., 1911, v50, 30. 

2. Jackson, L., J. Infect. Dis., 1920, v26, 347. 

3. Cole, R., and Kuttner, A. G., J. Exp. Med., 1926, 
v44, 855. 


these inclusions were due to a specific salivary 
gland virus, and succeeded in passing the virus 
for 3 passages to susceptible young guinea 
pigs. Rosenbusch and Lucas(5) encountered 
a salivary gland virus of pronounced virulence 
while engaged in a genetics experiment; the 
virus was peculiar in that it was pathogenic 
for guinea pigs by various routes of inocula- 
tion. While conducting a nutritional experi- 
ment, Pappenheimer and Slanetz(6) were 
confronted with a spontaneous visceral disease 
in ‘their guinea pigs. The findings were sug- 
gestive of a viral etiology, although attempted 


4. Kuttner, A. G., J. Exp. Med., 1927, v46, 935. 

5. Rosenbusch, C. T., and Lucas, A. M., Am. J. 
Path., 1939, v15, 303. 

6. Pappenheimer, A. M., and Slanetz, C. A., J. 
Exp. Med., 1942, v76, 299. 
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passage of the agent in question yielded nega- 
tive results. Van Rooyen and Rhodes(7) 
have described lymphocytic choriomeningitis 
infections in guinea pigs, and mention the pos- 
sibility of wild mice being involved in the 
transmission of the agent. It appears likely 
that wild mice, or even stock experimental 
mice, harboring the latent infection may pos- 
sibly infect susceptible guinea pigs under 
proper conditions. Markham(8) observed 
that stock guinea pigs were sometimes spon- 
taneously infected with toxoplasmosis, and 
serial passage in susceptible animals was eas- 
ily accomplished by brain to brain transfer. 
It is the purpose of this report to describe 
an epizootic of 11 months duration that ap- 
peared among the guinea pigs used for tuber- 
culosis testing by the Diagnostic Laboratory 
of the Bacteriology Department of the State 
University of Iowa in the latter part of July, 
1949. This disease often interrupted the 6 
weeks observation period 2 to 4 weeks prior 
to gross and microscopic examination of the 
animals for evidence of tuberculosis. All cases 
of the disease followed a very definite symp- 
tomatology. At the onset of symptoms the 
animals became unresponsive and _ sluggish, 
their coats became very shaggy and the hair 
shed easily, and they had a marked loss of 
appetite. The loss of appetite was followed 
by a decided loss of weight and emaciation. 
There was a transient increase in water con- 
sumption at this point of the disease, but soon 
the animals refused to drink. About this 
same time the guinea pigs were observed to be 
quite damp around the area of their chins, 
mouths, and ventral surface of their necks. 
The continual dampness of the affected pigs 
was perhaps the most outstanding symptom 
associated with the disease. In more severe 
cases the dampness extended posteriorly over 
the entire ventral surface of the abdomen. 
The nature of this dampness was most likely 
attributable to a constant nausea, accom- 
panied by frequent vomiting, and the vomitus 
possessed a very acrid odor. Death of a 


7. Van Rooyen, C. E., and Rhodes, A. J. Virus 
Diseases of Man, 1051-1060. Thomas Nelson and 
Sons, New York City, 1948. 

8. Markham, F. S., Am. J. Hyg., 1937, v26; 193. 
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guinea pig with such symptoms usually oc- 
curred within 6 days. When autopsied, the 
most significant finding was the almost com- 
plete loss of subcutaneous fat. Most of the 
animals showed a slight amount of hemor- 
rhage in the meninges of the brain, and about 
5% showed some lung consolidation due to a 
secondary pneumonia from which an alpha- 
prime hemolytic streptococcus was isolated. 

Materials and~methods. Guinea pigs used 
in these studies were obtained from our regu- 
lar market source, and also from a different 
market source, and all were about 6 weeks old 
when inoculated. Four-week-old Swiss white 
mice were used from our own disease-free in- 
bred stock. Fertile eggs were obtained from 
an accredited local hatchery, and the embryos 
were 10-11 days old when inoculated. At- 
tempts were made to pass the etiological agent 
from infected to healthy guinea pigs by using 
various routes of inoculation, and by employ- » 
ing several combinations of inocula from in- 
fected animals. On one occasion, a single 
blind passage to healthy experimental animals 
from nine guinea pigs, which had been inocu- 
lated with a composite organ extract from 
infected animals failing to develop character- 
istic symptoms, was attempted. ‘Throughout 
these studies complete autopsies were per- 
formed on diseased guinea pigs, and tissues 
were submitted to the Department of Pathol- 
ogy for their examination.t The possibility 
that we were dealing with some type of latent 
infection led to the inoculation of several ex- 
perimental guinea pigs with materials other 
than organ extracts from diseased animals. 
The materials chosen were sterile human 
serum, ether extracted human serum, the lipid 
residue from the ether extraction, sterile milk, 
normal horse serum, viable B.C.G. with and 
without mucin, inactivated Mycobacterium 
tuberculosis with and without mucin, and gas- 
tric mucin of porcine origin. 

Seven experimental animals from our regu- 
lar market source and three from another 
source were held as uninoculated controls in 
the same room as the inoculated ones. Some 


+ Appreciation and thanks are extended to Dr. 
Jack M. Layton of the Department of Pathology 
for histological examinations during: these studies. 
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of the guinea pigs from each market source 
were allowed intimate contact with diseased 
animals, whereas others were held in separate 
cages as room contacts. To determine whether 
adult guinea pigs from our regular market 
source had developed an active immunity to 
the etiological agent in question, 10 experi- 
mental guinea pigs were inoculated intra- 
abdominally with 1 ml of pooled adult guinea 
pig sera and held for observation. Attempts 
to transfer the causative agent to mice were 
made by inoculating 24 male and 32 female 
Swiss mice with a bacteriologically sterile 
composite organ extract of lung, brain, liver, 
spleen and spinal cord from infected experi- 
mental animals. Each mouse received 0.03 
ml intracranially and intranasally and 0.3 ml 
intraabdominally. Using 0.2 ml of the same 
inoculum, 12 ten-day-old chick embryos were 
inoculated into the allantoic sac and onto the 
chorio-allantoic membrane. Penicillin and 
streptomycin were not added to the inoculum. 
The embryos were incubated at 37°C for 48 
hours, after which the chorio-allantoic fluids 
and membranes were harvested. The chorio- 
allantoic fluid and supernatant fluid from the 
chorio-allantoic membranes from the first egg 
passage were subsequently inoculated into an- 
other 12 embryos as performed in the first egg 
passage. Thirty-six Swiss mice were inocu- 
lated with material from the harvests from 
both egg passages, 0.03 ml intracranially and 
0.30 ml intranasally. Nine infected experi- 
mental animals, chosen from random, were 


‘TABLE TI. Results of Attempted Passage in 
Guinea Pigs. 


So a m n 
* 2 Sg oe PS 
ae 5 A SPR ee: 
sag e238 Bhd ps 
% bo 5 Aan 423, 438 
6 brain + spinal-cord LC. 59 64 
8 ioe A vd NA: 42.5 48.5 
5 brain, spleen, liver, LA = — 
kidney, adrenal glands 
1 liver, spleen EG: 62 66 
ue ge 2? axillary. LC 51 54 
node 
1 salivary gland 1G: 50 53 
Totals 44.1 47.7 
22 avg avg 


* 1.C.—intracranial; I.A.—intraabdominal. 


FIG. 1. Section Through Hippocampus of Diseased 
Guinea Pig, Low Power. 


treated with four antibiotics simultaneously. 
Each animal received daily intramuscular in- 
jections of 0.01 g of dihydrostreptomycin, 
40,000 units of S.R. penicillin, 2.5 mg of chlor- 
amphenicol, and 2.5 mg of aureomycin. Four 
animals were treated 4 days, and 5 for 5 days. 

Results. Attempted passage from infected 
animals to 22 healthy. experimental guinea 
pigs, by using the routes and various inocula 
shown in Table I, resulted in 17 infections. 
The average number of days to symptoms 
from date of inoculation was 44.1 and from 
symptoms to death 47.7 days. The one blind 
passage from 9 inoculated but uninfected 
experimental animals to healthy guinea pigs 
resulted in no infections. 

The inoculation of 10 experimental animals 
in an attempt to provoke the disease with 
sterile milk, human serum, and other ma- 
terials mentioned under methods, resulted in 8 
of the 10 becoming infected in an average 


427 


428 


time of 48.5 days from date of inoculation. 
At this point attention is called to the close 
similarity between the apparent incubation 
period in this experiment and the one obtained 
in attempted passage from infected to healthy 
guinea pigs. 

Among the uninoculated control guinea 
pigs from two market sources, 8 of the 10 ani- 
mals developed characteristic symptoms of 
the disease and succumbed. The average in- 
cubation period for those intimately exposed 
in both groups was 72 days, and for those 
held in separate cages as room contacts 85 
days. No differences in susceptibility of the 
guinea pigs from the two sources were ap- 
parent. 


The attempt to protect young healthy 
guinea pigs by inoculating them with pooled 
adult guinea pig sera resulted in failure. It 
was thus apparent that none of the 10 young 


FIG. 2. Section Through Hippocampus of Diseased 
Guinea Pig, High Power, Showing the Degener- 
ative Changes in the Neurones. 
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FIG. 3. Cross-Section of the Cervical Spinal Cord 
from a Diseased Guinea Pig, Low Power, Showing 
Demyelination in the Postero-Lateral Columns. 


experimental animals received passive protec- 
tion from adult guinea pigs from the same 
stock. Attempts to transfer the etiological 
agent from infected guinea pigs to mice, and 
from infected guinea pigs to chick embryos 
for 2 passages and then to mice, all gave nega- 
tive results. Mice failed to develop symp- 
toms of any kind after a 6 weeks’ observation 
period, and chick embryos failed to develop 
lesions and showed no toxic manifestations 
either on the first or second passage. Guinea 
pigs exhibiting typical symptoms failed to re- 
spond to treatment using four antibiotics 
simultaneously. 


Histological sections were examined from 
the following tissues: Heart, lungs, thymus, 
lymph nodes, pancreas, skeletal muscle, gas- 
trointestinal tract, skin, kidney, adrenal, liver, 
salivary glands, testicle, central nervous sys- 
tem, and cranium. The only suggestive ana- 
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tomic abnormalities encountered were in the 
central nervous system. Degenerative changes 
in the neurones of the hippocampal gyrus 
were constant in all of the sections from dis- 
eased animals (Fig. 1 and 2). The exact sig- 
nificance of the changes is difficult to evaluate. 
Demyelination of the postero-lateral columns 
of the spinal cord and patchy degeneration of 
neurones of ‘the anterior horns were less con- 
stant features (Fig. 3).. 

Summary. Because of the inconsistency 
obtained in attempted passage of the etiologi- 
cal agent to susceptible guinea pigs, it is pos- 
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tulated that the etiological agent was not 
being passed at all. It appeared that many of 
the inoculations merely served to prematurely 
hasten an unknown etiological agent on its 
way, culminating in the disease pattern and 
the epizootic which has been described. 

Conclusions. An epizootic of unknown 
etiology has been observed in guinea pigs. 
The disease was highly fatal. The symptoms 
and pathology were unlike any previously 
described disease of guinea pigs. 
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A Still for the Continuous Production of Glass-Distilled Water.* (18803) 


W. J. vAN WAGTENDONK, L. P. Z1tt,t anp D. H. SIMonsEN. 


From the Department of Zoology, Indiana University, Bloomington, Ind. 


It is frequently necessary in biological work 
to have a continuous supply of glass-distilled 
water available. The apparatus described here 
has proven to be entirely satisfactory for this 
purpose. It has been in operation in our 
laboratories for over a year, 24 hours a day, 
without a serious breakdown. During this 
time it has produced on the average 70 liters 
of glass-distilled water per day. The design 
is flexible and may be adapted to larger or 
smaller needs. The only manual labor in- 
volved in operating the still consists of filling 
the storage flasks and emptying the receiver 


~ flasks. 


The still is shown in Fig. 1. A few features 
of the construction need ‘to be emphasized. 
For proper operation the upper storage bottle 
should be tightly sealed. The condenser D 
on the siphon tube will condense all steam 


*Contribution No. 467 of the Department of 
Zoology, Indiana University. Supported by grants 
from the Jane Coffin Childs Memorial Fund for 
Medical Research, The National Institute of Health 
of the U. S. Public Health Service, The Rockefeller 
Foundation (grant for research on Paramecium 
genetics), and Indiana University. 

7 Present address: Biology Division, Oak Ridge 
National Laboratories, Oak Ridge, Tenn. 


formed in this tube, thereby preventing break- 
ing of the siphon. There should be a rapid 
flow of cooling water through both of the con- 
densers. The Allihn condenser L was found 
to be the most efficient condenser for the pur- 
pose. The close clearance between the bulbs 
and the jacket produces high cooling-water 
velocities. The use of a Graham condenser is 
to be avoided due to the large back pressure 
produced. The vent tube on the receiver is 
ca 3 cm below the outlet of the condenser and 
leads into a drain. This is to prevent the 
closing of the system when the receiver is full. 
The outside diameter of the tubes used for the 
siphon and the vent system should be 8 mm. 
The vent on the receiver flask can either drain 
into the sink, or may lead to a second storage 
bottle. In order to prevent contamination 
with grease, none of the joints is greased. 
Glass beads or boiling stones are not required 
because of the even heat furnished by the 
heating mantle.. Phosphoric acid or perman- 
ganate can be added to the boiling flask, 
should this be desirable. The operation of the 
still should be interrupted occasionally for 
cleaning the distilling flask. The still can be 
adapted to larger capacities by increasing the 
size of the reservoirs and the boiling flask. 


| 
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FIG. 1. All-Glass Still for Distilled Water. A; 
upper reservoir (12 gal); B: distilled water valve 
and line; ©: siphon tube between upper reservoir 
and leveling bulb; D: condenser for siphon tube 
from the leveling device to the distilling flask; E: 
leveling bulb (should have slanted end to prevent 
‘‘hang-up’’ in the bulb); F: overflow vent tube 
from leveling device; G: leveling tube; H: 55/50 
to 24/40; I: adapter; J: distilling flask (121) ; 
K: Glascol heating mantle; L: condenser; M: re- 
ceiving reservoir~(12 gal); N: vent and overflow | 
ere ti for receiving reservoir. 


For the operation of the still, the following 
manipulations are required: (a) filling of the 
upper reservoir A. Close the pinch clamp 
on the siphon tube just above the leveling 
device. Open valve B to fill the reservoir A. 
When full, close the tap and open the pinch 
clamp. The boiling flask will now fill up to 
the level of the bottom of the leveling bulb E; 
(b) stant the condensers; (c) start heating 
with the bottom mantle only. When the dis- 
tillate starts coming over the top mantle can 
be turned on. (There is danger of crack- 
ing the distilling flask, if the top mantle 
is connected before the distillation has 
started.) 


The still will now operate without super- 
vision. Our still is so adjusted that it will distill 
about 38 liters of water in 15 hours. Conse- 
quently, if at the end of the working day the 
upper reservoir is filled and the receiver is 
drained, the latter one will be full at the start 
of the next day. 
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Effect of Sma!l Amounts of Aureomycin and Terramycin on Virus of 


Feline Pneumonitis. 


(18804) 


D. GreRAIntT JAMES,* KATHERINE Mitis Prick, AND YALE KNEELAND, JR. 
(Introduced by F. M. Hanger.) 


From the Department of Medicine, College of Physicians and Surgeons, 


The phenomenon of natural and acquired 
resistance of microorganisms to antibiotic 
agents is one of great theoretical as well as 
practical interest. First noted in connection 
with penicillin, acquired resistance of staphy- 
lococci was regarded as an adaptation by the 
organism to an environment containing sub- 
lethal concentrations of the drug. Later this 
was shown to occur in a step-wise fashion, and 
in all likelihood to depend on a selection of 
mutants occurring spontaneously in large 
bacterial populations, and involving multiple 
genetic steps. This is spoken of as the 
“Henicillin type” of acquired resistance. Gen- 
erally speaking it often tends to be of a low 
order of magnitude, and is not of great clinical 
significance. The second, or “streptomycin 
type” of acquired resistance is much more 
abrupt and may result in the emergence of a 
completely resistant form in consequence of 
a single genetic step. It is this “streptomycin 
type” of acquired resistance which is of great 
clinical importance, and has limited the thera- 
peutic usefulness of that particular anti- 
biotic. Parenthetically it may be remarked 
that the phenomenon of natural resistance of 
many Strains of staphylococci and a few other 
microorganisms to penicillin associated with 
the production of the enzyme “penicillinase” 
has not been noted in connection with other 
antibiotics. With the development of new 
antibiotics, it has naturally been of interest to 
study the phenomenon of acquisition of bac- 
terial resistance in each, and reports have al- 
ready appeared in the literature concerning 
chloramphenicol, aureomycin and terramycin. 
These in general indicate, at least in connec- 
tion with the latter two, that resistance when 
developed, is of a low order of magnitude, that 
it is of the “penicillin” rather than the “strep- 
tomycin” type, and unlikely to prove of much 


* Traveling Fellow from Middlesex Hospital, Lon- 
don. 


. Static, rather than a killing one. 


Columbia University. 


clinical significance. It may be remarked that 
in usual therapeutic concentrations, the effect 
of these new antibiotics appears to be mainly 
bacteriostatic rather than bactericidal. In 
addition to their antibacterial properties, these 
new agents also possess significant action 
against infections due to rickettsiae and large 
filterable viruses of the psittacosis-lympho- 
granuloma group. Here again, their action 
would appear to be rickettsiastatic and viru- 
In view, 
therefore, of the already reported appearance 
of bacterial resistance to these agents, it was 
deemed of considerable interest to inquire 
whether an analogous phenomenon could be 
established in connection with a virus. For 
this reason we have been led to perform the 
following experiments with aureomycin and 
terramycin, using the virus of feline pneu- 
monitis as our viral agent, in an effort to de- 
termine whether acquired virus resistance to 
an antibiotic could be demonstrated. 


Wong and Cox(1) first reported suppression: 
of growth in embryonated eggs treated with 
aureomycin of viruses of the psittacosis-lym- 
phogranuloma group, including feline pneu- 
monitis. We(2) have studied both aureomy- 
cin and terramycin in the treatment of infec- 
tion with feline pneumonitis following intra- 
nasal inoculation of mice, and it was observed 
that both agents were highly effective in pre- 
venting gross pulmonary lesions if treatment 
was begun early, and in reversing them when 
treatment was delayed. The experiments to 
be described below, wherein we endeavored to 
produce drug-resistant strains of feline pneu- 
monitis virus, were performed by two methods 
—the passaging of virus serially in embryo- 
nated eggs with varying amounts of the anti- 


1. Wong, S. C., and Cox, H. R., Ann. N. Y. Acad. 
Sci., 1948, v51, 290. 

2. Kneeland, Y., Jr., and Price, K. M., J. Immunol., 
1950, v65, 653. 
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AUREOMYCIN, TERRAMYCIN ON VirUS FELINE PNEUMONIA 


TABLE I. Intranasal Infection of Mice with 0.02 ce of Feline Pneumonitis Virus, 10-2 Dilution. 


Control mice 3+) * 1+ 0 3+ 
(untreated) 3+ 2+ 0 4+ 
3+ (pooled 3+ 1+ 4 
2+ |} ———> 34+ Lpooled 1+ 4+ 
0 Spee sic Meh dg 44 
Bee cee 44 
3+ | pooled 
re Be eee eae 
Aureomycin- 2+) + ) 0 0 
treated mice 1+ + 0 0 
+ | pooled 1+ | pooled 0 0 
3+f—— > 14 f—> 1+ ] a6 
2 0 1+-rpooled 0 
=e 0 Sa J a 
Pi a) 0 
Terramycin- 2 ea 0 1+ 0 0 
treated mice 1+ + 1+ 1+ + 0 
2 pooled’ 2+ [pooled 1+ 1+ 1+ 0 
ee See) — > 2+ frpooled 2 Le 0 
0 2 2+ | —-—+ 2+ -pooled 1+ {pooled 0 
0 2+ J 2+ 2+ ) —— > 14+ ) —— 0 


* Each symbol represents one mouse. The following code is employed: 4+ = nearly total 
pulmonary consolidation; 3-+ = extensive consolidation; 2+ = approximately one-half con- 
solidation, or innumerable focal lesions; 1+ = small areas of consolidation, or widely scattered 
focal lesions; -+ = minimal gross pathologic change. 


biotic agent to be tested, and the serial pas- 
sage of virus intranasally in mice with sub- 
curative doses of the antibiotic. 

The Baker strain of feline pneumonitis 
virus employed was originally obtained 
through the courtesy of Dr. Geoffrey Rake in 
the form of a lyophilized yolk sac membrane. 
After 2 further egg passages and 3 more mouse 
passages, it was used to initiate the mouse ex- 
periments in a 10° lung suspension made up 
in nutrient broth. The 2 antibiotics studied, 
aureomycin (Lederle) and terramycin (Pfizer) 
were administered by subcutaneous inocula- 
tion in the form of the hydrochloride dissolved 
in nutrient broth. Following intranasal inocu- 
lation of 0.02 cc of virus, all mice were left 3 
days untreated. Thereafter the experimental 
groups were treated for 4 days with a daily 
injection of 0.25 mg of antibiotic a dosage 
which appeared insufficiently large to cause 
complete regression of the lung lesions, al- 
though it had some effect. On the seventh 
day all mice were sacrificed, including con- 
trols, and the lungs passaged to fresh groups 
of mice. Table I gives the results of these 
experiments. 

It can be seen from the table that the virus 
in the untreated mice appeared to increase in 


virulence with repeated passage, so that in the 
fourth 5 out of 6 mice showed nearly total 
pulmonary consolidation. By contrast, in the 
mice treated with 0.25 mg of aureomycin daily 
for four days beginning on the third day after 
intranasal inoculation, pulmonary lesions were 
less conspicuous, tended to diminish, and then 
completely disappeared in the fourth passage. 
A similar phenomenon occurred with terramy- 
cin administered in the same dosage, except 
that the effect of the antibiotic was less 
marked in the early passages, and complete 
disappearance of virus activity did not occur 
until the sixth passage. Under the conditions 
of this experiment, therefore, no evidence of 
the emergence of a resistant mutant was ob- 
tained. In fact ithe reverse occurred, for the 
virus, after apparently maintaining itself with 
some difficulty in an unfavorable environment, 
proceeded to die out. 

After our failure to demonstrate the phe- 
nomenon of acquired virus resistance in mice, 
we undertook to see whether it could be pro- 
duced when virus was cultivated in embryo- 
nated eggs with varying concentrations of 
aureomycin. In these experiments the virus 
was mixed with antibiotic and introduced by 
yolk sac inoculation in a 10° dilution of in- 
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TABLE II. Passage of Feline Pneumonitis Virus in Embryonated Eggs. 


Passage Dose With aureomycin Without aureomyein 
1 067. +~D6 D7* 
2 067 | heen D4 D5 D5 D5 D5. D6 
3 1 D D4 D5 D7 D7 D8 D8 D4 D4 D5 D5 DS 
4 1 D4 Dll Dll S D5 D5 D6 D8 S 
5 1 eis >. D7 D7 Dil D13 
6 1 D4 D9 SS D7 SSSSS 
7 1 D4 D6 D6 Dill Ss D6 D6 D6 Dé D7 D8 D9 S 
8 1 D5 i... D5 SSS 
9 1 eo... D8 SS 


SSSS. 


to micet 
00000 


D7 SSS 


to mice t 
0000: 


* Hach symbol represents one egg. D indicates embryo died, and the number the day of 
death. S indicates survival. Underlining of symbol indicates source of material for passage. 
t Indicates source of material for other egg passages not included in table. All these proved 


ultimately negative for virus. 


¢ Each symbol represents one mouse. 0 indicates no evidence of viral activity as manifested 


by pulmonary lesions.. 


fected yolk sac suspension. The volume oi 
inoculation was 0.2 cc, of which 0.1 cc repre- 
sented the virus, and 0.1 cc the antibiotic. 
It had previously been shown(1) that 1.0 
mg of aureomycin was enough to suppress 
virus multiplication completely. Therefore 
in a long series of experiments we explored the 
effects of the following dosages: 0.034, 0.067, 
0.1, 0.2, 0.25, and 0.4 mg. Eggs were candled 
each day, and embryos dying before the 
fourth day discarded. Death of the embryo 
after the fourth day was taken as presumptive 
evidence of virus activity, although occasional 
non-specific deaths may occur at any time. 
It was not possible to establish the cause of 


death by stained preparations, as elementary 
bodies are usually not demonstrable in the 
presence of even small amounts of antibiotic, 
an observation first made by Wong and Cox 
(1) and confirmed by our own experience. 
Thus the presence or absence of virus could 
only be determined by subsequent passage in 
eggs without antibiotic, or by intranasal 
inoculation in mice of undiluted suspension. 
Table II gives the result of a typical experi- 
ment in which virus was passed through 
embryonated eggs in the presence of aureo- 
mycin. It will be observed that in this ex- 
periment the two initial egg passages were 
made in the presence of 0.067 mg of aureomy- 
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cin. Thereafter the dose was increased to 
0.1 mg. One or more eggs in which death of 


the embryo took place were used as source 
of material for the next passage, and a con- 
trol group of eggs (i.e., without aureomycin) 
was also injected. At the end of the experi- 
ment residual virus activity was tested for by 
mouse as well as egg inoculation. 

Altogether 12 experiments similar to that 
outlined in Table II have been performed, 
using the various dosages of aureomycin indi- 
cated above, and the results in every one have 
been almost identical. The virus seemed to 
survive in attenuated form for several pas- 
sages, and then to disappear. For example, 
in the experiment outlined, there appeared to 
be little virus activity remaining after the fifth 
passage, and at the time of the ninth passage 
2 successive attempts to demonstrate virus 
activity were completely negative. 


Discussion and conclusions. The purpose 
of these experiments was to find out whether 
the phenomenon of acquired resistance could 
be demonstrated in the case of a filterable 


Cell Proliferation and Changes in the Large Granule Fraction 
During Hepatic Carcinogenesis.* 


ANNA KANE LAIRD. 


Little quantitative study has been made of 
cell division during carcinogenesis, and in the 
few cases reported, mainly of skin carcino- 
genesis(1), estimates of cell proliferation were 
based on observed changes in the mitotic 
index. Such estimates are subject to error due 
to changes in the duration of the various 
phases of mitosis. An extreme example of 
such inaccuracy is given by the early impres- 
sion that the main effect of colchicine is to 
stimulate mitosis, while later investigations 


* This investigation was supported in part by the 
Stewart Trust Fund and by a research grant from 
the National Cancer Institute of the Public Health 
Service. 

1. Cowdry, E. V., VanDyke, J. H., and Geren, 
B. B., Cancer Research, 1946, v6, 620. 


(Introduced by H. P. Rusch.) 
From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, Madison. 
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virus to the newer antibiotics. The virus of 
feline pneumonitis was employed, and the two 
antibiotics were terramycin and aureomycin. 
These two were used in subcurative dosages 
in mice following intranasal inoculation in one 
series of experiments, and aureomycin was 


studied in 12 experiments in varying dosages 


in embryonated eggs. In order to enhance the 
likelihood of the emergence of a resistant 
mutant, large inocula of virus were employed. 
Under the conditions of our experiments no 
evidence whatsoever of resistance could be 
demonstrated, but an interesting phenomenon 
was observed. In both the mouse series and 
the egg series virus seemed to persist through 
several passages in the presence of antibiotic 
in diminished amounts. Then, with no in- 
crease in the dosage of antibiotic, it died out. 
The significance of this finding is obscure. 
That it might be due to an actual increase in 
sensitivity of the virus to antibiotic is con- 
ceivable, although such an hypothesis is not 
proven by the data presented here. 


Received June 6, 1951. P.S.E.B.M., 1951, v77. 
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showed its main effect to be the inhibition of | 
cell division in the metaphase(2). The liver | 
offers advantages for the study of cell pro-_ 
liferation in that it is possible to calculate 
the total number of cells present from the } 
number of cells per g of tissue, a procedure | 
introduced by Brues, Drury, and Brues(3) 
for the estimation of replacement of liver | 
tissue during regeneration, Price, Miller, and |} 
Miller(4,5) have demonstrated a striking de- } 
pression of the protein and pentosenucleic | 


2. Krythe, J. M., and Wellensiek, S. J., 
Genet., 1942, v14, 1. 

3. Brues, A. M., Drury, D. R., and Brues, M. C., 
Arch. Path., 1936, v22, 658. ; 

4. Price, J. M., Miller, E. C.,, Miller, J. A. and} 
Weber, G. M., Cancer Research, 1949, v9, 398. 
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acid content of the large granule fraction in 
rat livers undergoing carcinogenesis by a 
variety of azo dyes. In almost all cases they 
analyzed such livers after 4 weeks of dye- 
feeding. Comparison of such dye-fed livers 
with each other and with normal livers was 
based on wet weight of tissue. More recently, 
the importance of the cell as a unit in the bio- 
chemical comparison of tissues has been em- 
phasized by Price and Laird(6) and inde- 
pendently by Davidson and Leslie(7). 

The present study was undertaken to follow 
in detail the proliferative response of the 
hepatic tissue and the sequence of changes 
undergone by the large granule fraction of 
the average liver cell of rats fed 3’-methyl-4- 
dimethylaminoazobenzene, during the early 
period of dye-feeding not previously reported. 
The significance of this period was empha- 
sized by the ‘finding that the depletion of the 
large granule fraction of the average liver cell 
was more extensive after 4 weeks of dye- 
feeding (data of Price, Miller, and Millert) 
than it was after 4 months of dye-feeding 
(unpublished data of the present author). 
Nuclear counts on the liver homogenates were 
used not only to express the analytical results 
in terms of ‘the average liver cell, but also to 
determine the total number of cells in the 
liver, thus permitting for the first time a quan- 
titative description of the over-all prolifera- 
tive response of a tissue undergoing malignant 
change. 

Material and methods. The animals used 
were male albino rats of the Sprague-Dawley 
straintS weighing about 200 g at the start of 
dye-feeding. They were fed ad libitum a 
semisynthetic dietll to which 3’-methyl-4- 
dimethylaminoazobenzene was added in the 


5. Price, J. M., Miller, E. C., Miller, J. A., and 
Weber, G. M., Cancer Research, 1950, v10, 18. 

6. Price, J. M., and Laird, A. K., Cancer Research, 
1950, v10, 650. 

7. Davidson, J. N., and Leslie, I., Nature, 1950, 
v165, 49; Cancer Research, 1950, v10, 587. 

7 Recalculated on a per cell basis, assuming a de- 
soxypentosenucleic acid content per nucleus of 10.0 
x 10-12 g, the value customarily found in this 
laboratory. 

+ Obtained from the Holtzman Rat Co., Madison, 
Wis. ; 
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concentration of 0.058%. They were killed 
with ether at intervals of 7, 11, 14, 16, 18, 20, 
22, 24, 26, 28, and 32 days after the initiation 
of dye-feeding. Two groups of controls were 
also studied: an initial control on a grain diet, 
and one after 30 days on the basal synthetic 
diet. For each analysis, the livers of 3 rats 
were pooled after perfusion with ice-cold 0.14 
M NaCl, and squeezed through a plastic tissue 
mincer to remove as much of the connective 
‘tissue as possible(8). The liver mince was 
then homogenized by the technic previously 
described(8). The cellular particles were 
separated by centrifugation according to the 
method reported from this laboratory(9), ex- 
cept that the nuclei were washed three times. 
Only the large granule fraction was saved for 
analysis. Two samples of the whole homog- 
enate were suspended in 3% acetic acid, and 
the nuclei were counted in a hemocytometer. 
By counting a minimum of 800 nuclei, dupli- 
cate counts were found to agree within 5%. 
From these counts the numbers of nuclei per g 
and per whole liver were calculated. To de- 
termine the nuclei per whole liver, the number 
per g was multiplied by the fresh weight of 
the liver in g, on the assumption that the cells 
collected after passage through the mincer 
(essentially the parenchymal cells) constitute 
the entire weight of the liver. When the 
weight of the mince was compared with that 
of the liver before mincing, it was found that 
the mince constitutes more than 90% of the 
fresh liver, and therefore little error is intro- 
duced by this assumption. The validity of 
the concept of the “average cell’ has been 
discussed previously with respect to the pres- 


§ The author is indebted to J. M. Price, J. W. 
Harman, E. C. Miller, and J. A. Miller for samples 
of the livers from the rats used by them in their 
histological study of carcinogenesis. Cancer Research, 
July, 1951. 

|| Casein 24% « vitab 2%; salts 4%; glucose mono- 
hydrate 65%; corn oil (containing 1 part in 600 of 
halibut liver oil) 5%; riboflavin to bring the total 
content in the diet to 1.5 mg/kg. 

8. Price, J. M., Miller, E. C., and Miller, J. A., 
J. Biol. Chem., 1948, v173, 345. 

9. Higgins, H., Miller, J. A., Price, J. M., and 
Strong, F. M., Proc. Soc. Exp. Brot. anp Mep., 1950, 
v75, 462. 
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TABLE I, Numbers of Nuclei and Avg Cell Wt in 
Livers of Rats at Various Times After Feeding of 
3'‘methyl-4-dimethylaminoazobenzene Was 


Initiated. 

Total 

Exper. Nuelei/g Avg cell nuclei/ 
group, Avg liver of liver wt(g xX liver 
days wt (g) x 106 10-9) s< 106 
Initial 12 181 5.5 2167 

control 

7 9.5 194 5.2 1833 

11 9.5 188 5.3 1780 
14 12 138 7.2 1653 
16 9.9 229 4.4 2262 
18 Shy) 229 4.4 2262 
20 9.9 223 4.5 2190 
22 10.2 2:20 4.5, 2230 
24 OF 229 4.4 2230 
26 8.2 2216 4.4, 1847 
28 OR. 329 3 3200 
32 8.9 315 3.2 2800 
Basal diet 11.4 171 5.9 1950 


control (30 days) 


In each case 3 livers were pooled for homogeni- 
zation and analysis. 


ence of binucleate and polyploid cells in the 
rat liver(6). Protein-nitrogen by a nessleriza- 
tion procedure(10), and pentosenucleic and 
desoxypentosenucleic acid by Schneider’s 
method(11) were determined on the large 
granule fraction, and the analytical values 
expressed in terms of the average cell. 

Results. The number of nuclei in the 
- whole liver remained about 2000 x 10° 
throughout the first 26 days of dye-feeding, as 
shown in Table I, but between the 26th and 
28th days there was a sudden increase of 50% 
in the total number of liver nuclei. 

The number of nuclei per g of liver, how- 
ever, rose early in dye-feeding, leveled off 
during the third and fourth weeks at about 
226 x 10° per g, and then increased abruptly 
by 50% between the 26th and 28th days. 
Thus, the weight of the average cell decreased 
soon after the initiation of dye-feeding and 
leveled off during the third and fourth weeks 
at about 4.4 x 10° g. Between the 26th and 
28th days the average cell weight again sud- 
denly decreased to about % of its previous 
value, or to about % of the cell weight of the 


10. Umbreit, W. W., Burris, R. H., and Stauffer, 
_J. F. Minneapolis, Burgess Publishing Co., 1949, 
191. 

11. Schneider, W. C., J. Biol. Chem., 1945, v161, 
293. 
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normal controls. This abrupt reduction in cell 
size corresponded precisely in time to the in- 
crease in the total number of cells noted above. 

A proportionate decrease in the pentose- 
nucleic acid and the protein-nitrogen of the 
large granule fraction of the average cell oc- 
curred throughout the experimental period 
(Table IL). This decrease was at first grad- 
ual, but coincident with the increase in cell 
number and‘decrease in cell weight, a further 
abrupt halving occurred, with the result that 
the 28- and 32-day values were about the 
same as those recalculated from Price, Miller, 
and Miller, as given in Table II, and lower 
than those found for tumor-bearing dye-fed 
livers. 

No appreciable desoxypentosenucleic acid 
was found in this fraction in any of the 
analyses carried out. 

Discussion. During and for 4 days after 
the cell division which occurred between the 
26th and 28th days, there must have been 
complete failure to achieve net synthesis of 


TABLE II. Pentosenucleic Acid and Protein-nitro- 

gen Contents of the Large Granule Fraction of 

Livers of Rats at Various Times After Initiation 
of Dye-feeding. 


Pentose- Protein- 
nucleie acid nitrogen 
Exper. g X 10-12 gx 1042 PNA/N 
group per cell per cell ratio 
Initial control 13 34 38 
7 days 6.7 26 26 
11 6.7 23 29 
14 6.7 29 23 
16 egal 15 220 
18 5.8 21 .28 
20 Br 19 27 
22 4.9 21 28 
24 4.6 16 .29 
26 6.2 2:0 <oL 
28 2.4 9.1 26 
32 2.6 a 24 
4 wk, Price* (4) ater 6.2 27 
4 wk, Price* (5) 1.9 8.9 Alt 
4 mo.t 1.2 12 -60 
4 mo.t 6.8 ney 40 
Hepatomat + 1.4 3 AT 
Basal diet 8.5 32 27 


control (30 days) 


In each case 3 livers were pooled for homogeni- 
zation and analysis. 

* Avg of 2 analyses. Assuming DNA/nucleus = 
10.0 X 10-12 g. 

+ Data from another experimental series studied 
by present author. 

$+ Induced by 3’-methyl-4-dimethylaminoazoben- 
zene. 
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the large granule protein and pentosenucleic 
acid, since the decrease in the average protein- 
nitrogen and pentosenucleic acid to 1/2 their 
previous value is more than the fall to 2/3 
which would result from complete failure of 
synthesis of these components in the 50% of 
the cell population undergoing division. This 
effect may be due to a decreased anabolism, 
or to an increased catabolism, or to both, 
since these components presumably are under- 
going active synthesis and degradation. These 
cell divisions induced in liver cells by the 
feeding of a carcinogenic dye differ from those 
initiated in liver cells by regeneration(6). In 
the sudden burst of cell division which oc- 
curred 24 hours after partial hepatectomy, 
the increase in the protein of the nuclear and 
small granule fractions and the pentosenucleic 
acid of the small granule and supernatant 
fluid fractions paralleled the increase in the 
desoxypentosenucleic acid per nucleus. Thus, 
during the prophase of this cell division net 
synthesis of certain cell constituents occurred, 
and evidence was presented to show that later, 
during the actual division, the large granule 
pentosenucleic acid also doubled, with the re- 
sult that the daughter cells contained the full 
complement of cytoplasmic pentosenucleic 
acid and of nuclear and small granule protein. 

In large measure the results of the present 
study corroborate the findings of a series of 
cell fractionations performed at longer inter- 
vals on the livers of rats fed 2-acetylamino- 
fluorene(12). In that study an increase of 
almost 100% in the total number of cells in 
the liver occurred between the 4th and 7th 
weeks of dye-feeding. However, depression 
of the pentosenucleic acid, protein-nitrogen, 
and riboflavin of the large granules to values 
even below those found in tumor-bearing 
livers was completed before the cell division 
occurred. 

These altered liver cells show some resem- 
blance to the average cell of a hepatoma in- 
duced by 3’-methyl-4-dimethylaminoazoben- 
zene, with respect to the large granule pen- 
tosenucleic acid and protein content, as shown 
in Table II. Whereas in the large granule 


12. Laird, A. K., and Miller, E. C., Manuscript in 
preparation. 
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fraction of normal liver cells, the protein- 
nitrogen content is about 20 times and the 
pentosenucleic acid content is about 10 times 
that found in a variety of tumors(13), in the 
28- and 32-day dye-fed livers of the present 
study the amounts of these components were 
respectively only 3 and 2 times those char- 
acteristic of the tumors. 


Cell divisions occurring subsequently to 
that studied here were accompanied by a 
statistically complete reproduction of large 
granule substance, since the pentosenucleic 
acid and protein-nitrogen contents at 4 
months (Table II), in livers containing tu- 
mors, were actually somewhat higher than in 
the livers at 4 weeks. It however seems pos- 
sible that occasionally another defective cell 
division might occur to produce daughter cells 
in which the quantity of these components 
was once more substantially reduced. Little 
more than one such defective division, occur- 
ring occasionally, would be required to pro- 
duce a scattering of cells in which the large 
granule fraction resembled that of tumors 
with respect to protein and nucleic acid 
content. 


Summary. The total number of hepatic 
cells was determined at frequent intervals 
during the first month of carcinogenesis in the 
livers of rats fed 3’-methyl-4-dimethylamino- 
azobenzene; the large granule fraction was 
also isolated from these livers and the quan- 
tity of pentosenucleic acid and protein-nitro- 
gen in this fraction of the average cell was 
determined. The total number of liver cells 
remained in the normal range for 26 days, but 
between ‘the 26th and 28th days a sudden in- 
crease of 50% occurred. No increase in total 
liver mass accompanied this increase in cell 
number, and evidence is presented to show 
that no net synthesis of large granule protein 
or pentosenucleic acid occurred during this 
cell division. This cell division without in- 
crease in cell substance is compared to the 
cell division induced in normal liver cells by 
regeneration. 


13. Laird, A. K., Cancer Research, 1951, v11, 265. 
(Abstract). 
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A Hexokinase Inhibitor in Nerve.* 


(18806) 


L. G. ABoop AND R. W. GERARD. 


From the Department of Physiology, University of Chicago. 


Whole frog nerve was found(1) ‘to possess 
a considerable endogenous anaerobic glycoly- 
sis, much increased by addition of glucose to 
the medium. We have obtained comparable 
results with whole frog or rat sciatics. Ho- 
mogenates of such nerves, however, exhibit 
little glycolytic activity;. nor was this in- 
creased significantly by addition of glucose 
or by fortification with any combination of 
cofactors, etc., including ATP, DPN, Mg**, 
F-, and pyruvate. These findings suggested 
that an inhibitor of glycolysis is formed or 
released when normal structure is disrupted. 
A number of inhibitors of glycolysis is present 
in normal tissue. Sodium has been found to 
inhibit purified hexokinase (18% by .06M) 
(2); and to decrease glycolysis also by de- 
creasing ATP, due to increased breakdown or 
decreased formation from AA and phosphopy- 
ruvate(3). Mouse brain homogenates inacti- 
vate phosphoglyceraldehyde dehydrogenase; 
the inhibitor resembling a cathepsin obtained 
from beef spleen and, like it, counteracted by 
certain amides and amino acid esters(4). 
Another potent hexokinase inhibitor, sorbose- 
1-phosphate, is formed under the action of 
aldolase by condensation of 1-glyceraldehyde 
and dihydroxyacetone phosphate(5). Of 
special interest, is the hexokinase inhibitor ob- 
tained from the anterior pituitary; a protein 
fraction enhanced in activity by adrenocortical 
extract and counteracted by insulin(6). The 
inhibitor in nerve homogenates is a protein, 
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which acts specifically on hexokinase and re- 
sembles ithe pituitary inhibitor. 

Methods. Anaerobic glycolysis of rat cere- 
bral cortex homogenates was measured by the 
method of LePage(7), but with the final 
concentration of ATP increased to 10°". (The 
ATP, 90% pure, and crystalline zinc insulin 
were kindly supplied by the Armour Research 
Laboratory.) Rabbit brain hexokinase was 
prepared and its activity measured according 
to Colowick, Cori, and Slein(6), glucose dis- 
appearance proving a more reliable index 
of activity than either COs liberation or lactic 
acid production. More consistent results were 
obtained when the reaction was carried out in 
the Warburg apparatus, where shaking in- 
sured optimal mixing. Sciatic and brachial 
nerves of adult Sprague-Dawley and Wistar 
rats of both sexes were used as the source of 
inhibitor. They were removed within 5 min- 
utes, without cooling, after the animal was 
stunned by a sharp blow on the back of the 
head and exsanguinated. The nerves were 
washed free of blood, stripped of surrounding 
connective tissue, and homogenized in ice 
cold distilled water. From 100 to 150 mg of 
whole nerve were usually obtained per animal. 
The inhibitory protein was partially purified 
by isoelectric precipitation. 5% water ho- 
mogenates were adjusted to pH 6.0 with 
0.02N H2SOx4, in an ice bath, kept standing 
for 3 minutes, and centrifuged at 5000 x g for 
5 minutes. The supernatant was then ad- 
justed to pH 5.4, allowed to stand 5 minutes 


- at O°C, and centrifuged at 10,000 x g for 5 


minutes. The second sediment after one 
washing with ice cold distilled water and re- 
suspension in 0.15M KCl, was ready for use. 
From 200 mg of fresh nerve about 3 mg of 
protein with an equal amount of lipid were 
obtained. 

Results. Nerve homogenates can inhibit 
ithe anaerobic glycolysis of rat brain homoge- 
nates by an average of over 70% for 60 
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minutes, 100% ‘at the end of this time. The 
amount of inhibition is linear with amount of 
nerve homogenate, from an average of 15% 
with 10 mg to 70% with 50 mg (Fig. 1). 
Most experiments were done with 40 mg of 
fresh nerve (30 mg of brain) which gave about 
50% inhibition. The inhibition could be al- 
most completely reversed by 0.5 mg of insulin 
(Fig. 2). 

Glycolysis was at a constant rate, during 
the 60 minute period, in the control experi- 
ments and in those with nerve and insulin; but 
it dropped off rapidly in the presence of nerve 
homogenate only. This progressive fall of 
glycolytic activity cannot be due to an in- 
creased destruction of ATP by the nerve 
homogenate; for, at each nerve content, the 
inhibition of glycolysis was unchanged when 
the ATP was increased from .002M to .005M. 
(Fig. 3). Moreover, when brain and nerve 
homogenates, or brain hexokinase and nerve 
protein, were mixed an hour before adding 
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substrate the inhibition was maximal from the 
start. Addition of insulin to a mixture with 
inhibition developed did not reinitiate glycoly- 
sis; fresh brain added to such a mixture 
showed at first its normal glycolytic rate. The 
evidence, therefore, favors a progressive in- 
activation of the enzyme (whether by chemi- 
cal or physical change remains unknown) 
rather than a progressive activation of the 
inhibitor. 

The step in the glycolytic sequence in- 
hibited by nerve is that from glucose to hex- 
ose-6 phosphate, dependent on hexokinase. 
This is demonstrated by the failure to obtain 
inhibition of brain homogenate glycolysis with 
any hexose phosphate substituted for glucose 
as substrate (Table I; with fructose, inhibition 
by nerve is about half as great as with glu- 
cose), and also by the inhibition of separated 
hexokinase from brain. The inhibition of brain 
hexokinase, like that of brain homogenates, in- 
creases from 10 to 60 minutes, average inhibi- 
tion for the hour being 40% with 30 mg nerve 
and 10 mg of enzyme (Fig. 3). Liver hexo- 
kinase is not inhibited, while that from yeast 
is actually accelerated by nerve homogenate. 

Preliminary experiments showed the nerve 
inhibitor to be highly labile, so isoelectric 
precipitation was explored as a means of 
purification. Over two-thirds of the activity 
of the whole nerve homogenate appeared in 
a protein fraction isoelectric at pH 5.3 to 5.5. 
Two mg of this protein (not corrected for 
lipids present) gave a 23% inhibition of 10 
mg of brain hexokinase activity; 5 mg gave 
almost 60%; and 0.2 mg of crystalline insulin 


TABLE I, Nerve Inhibition of Brain Glycolysis 
with Various Substrates. 


Nerve 
homogenate Inhibition 
Substrate (mg) (%) 
Glucose 25 32 
Fructose 25 19 
Fructose 40 30 
Glucose-1-phosphate 30 0 
Glucose-6-phosphate 30 0 
Fructose-6-phosphate 30 0 
Fructose-1,6-phosphate 30 0 


Nerve incubated with brain 20 min. before re- 
action of 40 min. duration. Final concentration of 
ATP was 0.003M. Substrate concentration was 
0.01M. Each figure is avg of 5 experiments. They 
agreed within 5%. 


440 
60 INHIBITION OF BRAIN 7 CONTROL 
HEXOKINASE BY NERVE 
HOMOGENATES 
50 


SS 
ie) 


NERVE 


MICROLITERS CO> 
WB 
SS 


~ 
° 


40 
MINUTES 


50 


reduced this to only 20%. The values in 
Table II are statistically significant at the 
5% level. 

Heating whole nerve homogenates at 70°C 
(5 minutes was the minimal time tried) com- 
pletely destroyed the inhibitor; even the iso- 
lated protein lost two-thirds of its activity 
when kept 12 hours at —5° (Table III). 


Discussion. It appears conclusive from the 
above experiments that an inhibitor of hexo- 
kinase, a labile protein isoelectric at about pH 
5.4, is present in nerve homogenates. The 
lability of the inhibitor, even at low tempera- 
tures, helps exclude such substances as sodium 
or sorbose-1-phosphate; and a spurious inhibi- 
tion due to ATP-ase activity—present in the 
nerve protein as well as homogenate—is dis- 
posed of by addition of excess ATP. In fact, 
the considerable ability of crystalline insulin 
to reverse the inhibition tends to exclude loss 
of any cofactor and points to a direct action 
on the hexokinase enzyme. 

Present evidence favors the existence of 
only one hexokinase in brain(8,9), so it is 
noteworthy that the inhibition of fructose 
utilization is significantly less than that of 
glucose. The rate of glycolysis in the presence 
of glucose is about 20% greater than that with 
fructose and is also more constant during the 
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initial 60 minute period. These facts may 
relate to the difference in inhibition for the 
two hexoses. 

Since glycolysis with fructose-6-phosphate 
as initial substrate is not inhibited by nerve, 
phosphofructokinase, which catalyzes the con- 
version of fructose-6-phosphate to fructose-1, 


‘6-phosphate in the presence of ATP, is in- 
‘sensitive to the inhibitor. 


The significance of a hexokinase inhibitor 
in nerve is highly conjectural. As indicated 
in the opening paragraph, the inhibitor seems 
to be formed or released when the integrity 
of nerve structures is destroyed. Yet some 
activity in whole nerve is not excluded, and 
this would at least fit with the 10-fold lower 
rate of glycolysis in nerve than in brain slices. 
Moreover, the inhibitor is present in the white 
matter of cord, at least, although less so than 
in nerve, while it is entirely absent from 
muscle and liver. The inhibitor of hexokinase 
obtained from nerve is strongly reminiscent 
of that found in the anterior pituitary by 
Colowick, Cori, and Slein(6). Particularly 
striking, is the similar isoelectric point of the 
nerve and pituitary factors, pH 5.4 and 5.3 


TABLE II. Inhibition of Brain Hexokinase by 
Nerve Protein. 


No. Glucose —— Inhibi- 
determin- utilized tion 
ations (micromoles) (%) 
Control 10 5.6'= .21* 
2 mg nerve protein 8 4.1 + .20 23 
5mg ”? 2 8 2.3 + .13 59 
Ein sve tte? ap 8 4.5 + .82 20 


and 0.2 mg insulin 


* Std dev. from mean. Each Warburg flask con- 
tained the following: 10 mg brain hexokinase, 1 
glucose, .04M KF, 01M KHOOs, .005M MgCls, 
.003M ATP. Final volume was 2.5 ce. Ineubated 
40 min. at 37°. 


TABLE III. Lability of Nerve Inhibitor of Brain 
Hexokinase. 


pH of Protein Inhibi- 
Preparation precipitation wt (mg) tion (%) 
Fresh nerve 6 20 20 
protein 0.4 5) 59 
Nerve protein 6 20 5 
12 hr at 0° 5.4 5 20 
Nerve heated at Whole 50 - 0 
70° for5min. homog- 
enate 
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respectively. Both factors are also heat 
labile, and their effects can be counteracted by 
crystalline insulin. The pars distalis of the 
hypophysis receives unmyelinated fibers from 
the carotid plexus(10); it is barely possible 
that they constitute the source of the anterior 
pituitary factor. An effort is being made at 
present to further purify and identify the 
inhibitor of hexokinase found in nervous tissue. 

Summary. 1. Nerve homogenates, but not 
those of muscle or liver, inhibit brain glycoly- 
sis, the inhibition being a linear function of 
the amount of nerve. 2. Two thirds of the 
inhibitor activity is in.a protein and lipid 
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fraction precipitated at pH 5.3 to pH 5.5. 
From 200 mg of fresh nerve, 3 mg of protein 
and a like amount of lipid are obtained. Even 
this semi-purified fraction loses activity slow- 
ly in the cold, almost at once on heating. 3. 
The inhibition is specific for brain hexokinase. 
The enzyme from yeast or liver is not in- 
hibited; glycolysis of hexose phosphates by 
brain is not inhibited. Fructose loss is in- 
hibited half as strongly as that of glucose. 4. 
Crystalline insulin can counteract the nerve 
inhibitor. This and its other properties are 
similar to those of the inhibitor from the 
anterior pituitary. 
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Properties of a Chromoprotein Containing Extract of the Particulate 


Fraction of Rat Liver. 


(18807) 


Ernest Kun.t 
From the Department of Medicine, The University of Chicago.* 


It is generally recognized that certain re- 
actions of terminal electron transfer to mole- 
cular oxygen are catalyzed by enzymes struc- 
turally associated with the particulate fraction 
of tissue suspensions. One of the difficulties 
in studying these reactions is the inaccessibil- 
ity of tissue granules to enzyme isolation pro- 
cedures. Organic solvents have been used 
(1,2) for the separation of catalytically active 
chromoproteins, associated with insoluble cell 
particles. It was attempted in this laboratory 
to use alcohols and a protective colloid simul- 
taneously for the extraction of enzymes bound 
to tissue particles. The following report con- 

tains a procedure for the extraction of a cata- 
lytic system from rat liver particles, which 
can transfer electrons from reduced pyridine 
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nucleotides to cytochrome C. Some physical 
properties of this optically homogenous sys- 
tem are also discussed. While this work was 
in progress Morton(3) reported that he could 
successfully employ n-butanol for the extrac- 
‘tion of enzymes hitherto considered to be in- 
separable from tissue particles. 


Experimental. Preparation of extract. 50 g 
of rat liver were homogenized in a Waring 
blendor for 30 seconds in ice cold solution of 
0.15 M KCl, brought to pH 7.6 with bicar- 
bonate. The volume of KCl solution was 100 
ml. The temperature of the suspension dur- 
ing blending was kept at 0°C by the addition 
of crushed ice particles (made of distilled 
H2O). The liver suspension was centrifuged 
between 0-4°C on the Servall angle centrifuge 
(type SS-1A) at 15.000 x g for 30 minutes. 
The supernate was decanted and the sedi- 
mented particulate fraction removed with a 
porcelain spoon, leaving the layer of agglutin- 
ated erythrocytes on the bottom of the cen- 
trifuge tube. The particulate fraction, or 


3. Morton, R. K., Nature, 1950, v166, 1092. 
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sediment, was resuspended in about 120 ml 
KCl-bicarbonate, transferred to  ice-chilled 
centrifuge tubes, and recentrifuged for 15’ at 
the same speed as previously indicated. The 
removal and washing of the sediment was re- 
peated three times. After the third washing 
the sediment was suspended in 75 ml 0.15 M 
KCl (containing no bicarbonate) and the sus- 
pension rehomogenized. The following opera- 
tions were all carried out with reagents chilled 
in ice bath, until their temperature was below 
5°C. To the 75 ml suspension of liver par- 
ticles 100 ml ice chilled isobutanol (Merck 
C.P.), 75 ml 0.1 M K-phosphate buffer (pH 
7.6) and 3 ml of carboxymethylcellulose solu- 
tion were added. The carboxymethylcellulose 
solution was prepared as follows: 0.5 g car- 
boxymethocel-S (Viscosity X-Hi, The Dow 
Chemical Company, Midland, Mich.) was 
added with stirring to 100 ml distilled H2O at 
40°C, then heating was continued until the 
solution started to boil and kept at this tem- 
perature for 1 hour. The volume was made up 
to 100 ml with H,O. The viscous solution was 
slowly cooled to room temperature and there- 
after centrifuged at 4000 R.P.M. on an In- 
ternational centrifuge for 1 hour. This pro- 
cedure removed a slightly turbid sediment, 
leaving a water clear supernatant, which was 
poured off and stored in the ice box. The 
mixture of liver particles, isobutanol, buffer 
and carboxymethylcellulose solution was vig- 
orously shaken for a few seconds and im- 
mersed into the ice bath. A viscous light 
yellow paste was formed which was kept for 
2 hours in the ice bath with occasional stirring, 
thereafter centrifuged on the Servall at 0-4°C 
in glass centrifuge tubes at top speed for 30 
minutes. Three layers were formed, the top 
consisting of isobutanol, then a gummy pro- 
tein cake and a reddish yellow clear bottom 
layer. The isobutanol was decanted, and the 
bottom layers were collected in an ice chilled 
flask. ‘This solution, which still contained 
gross particles, was recentrifuged on the angle 
centrifuge for 60° top speed. In some in- 
stances the centrifugation was carried out at 
100,000 x g on the Spinco ultracentrifuge. 
In each case the resulting supernatant was a 
strongly fluorescent, optically clear reddish 
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yellow solution. 

Physical properties of the extract. The 
solution which remained clear below 10°C was 
inspected in a spectroscope and showed a 
strong band upon reduction with hydrosulfite 
at 560 myu. This band diminished upon 


standing in air. When the isobutanol contain- 


ing extract was warmed up to 14°C a dense 
precipitate appeared, forming a ring at the top 
of the solution’ The precipitate disappeared 
rapidly upon chilling the solution in ice bath. 
This reversible thermoprecipitation could be 
repeated many times with the same solution, 
kept in ice bath for even a week. This dis- 
solution of the precipitate did not occur when 
the temperature rose to 16-20°C. After re- 
moval of the precipitate the reduced band at 
560 mp disappeared, and the remaining strong 
yellow solution showed a typical flavoprotein 
absorption spectrum, with maxima at 450 and 
469 mu. These bands faded upon reduction 
with hydrosulfite. Upon removal of the iso- 
butanol by extensive dialysis against KCl- 
PO, buffer (pH 7.6 1:1) at 4°C the thermo- 
precipitation no longer occurred, indicating 
that isobutanol precipitated, and above 16°C 
irreversibly denatured, a protein component 
of the extract. Isobutanol was most effec- 
tively removed by freeze-drying the extract. 
The resulting reddish yellow powder was dis- 
solved in H2O, and some insoluble residue cen- 
trifuged off. This solution was stable in the 
ice box for at least 2 weeks. The absorption 
spectrum of this extract was measured in the 
Beckman D. U. spectrophotometer (Fig. 1). 
Before addition of hydrosulfite a typical 


-Soret band was found at 415 my, which 


shifted to 430 mp after reduction, with a 
simultaneous appearance of a small band at 
530 mp and a marked maximum at 560’ mp. 
There was no spectrophotometric evidence 
indicating that the extract contained other 
compounds with heme protein like spectrum 
besides the one closely resembling cyto- 
chrome B. 

Catalytic properties of the extract. The 
extract had a powerful peroxidase activity, 
as measured with the benzidine test, which 
seemed to parallel the amount of heme pro- 
tein content, as measured by the degree of 
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FIG. 1. Absorption spectrum of extract of rat liver 
particles in oxidized and reduced form compared 


_ with the spectrum of cytochrome C (3.10-2 micro- 


moles). The extract is equivalent to approximately 
0.5 g fresh liver. Volume of the optical system 3 
ml, pH = 7.6 (0.1 mM K-phosphate buffer). Optical 
density is plotted in terms of log I,/I, X 108. 


light absorption at 560 mp» upon reduction 
with hydrosulfite. Attempts were made to re- 
duce the heme protein component of the ex- 
tract by the yeast alcohol dehydrogenase- 
DPN and the Zwischenferment-TPN system. 
Alcohol dehydrogenase was prepared accord- 
ing to Racker(4), Zwischenferment as de- 


‘scribed by Warburg and Christian(5). In 


preliminary experiments the reduction of 
pyridin nucleotides by alcohol dehydrogenase 
or hexose 6-phosphate dehydrogenase was de- 
termined by measuring the change in optical 
density at 340 mp. The reduction of 0.1 ml 
DPN (106 y) by the alcohol enzyme was de- 
termined at pH 8.7, in presence of 0.1 ml 
glycine buffer (0.3 17) as heavy metal bind- 
ing agent, that of TPN (120 y 32% pure) by 


4. Racker, E., J. Biol. Chem., 1950, v184, 313. 
5. Warburg, O., and Christian, W., Biochem: Z., 
1932, v254, 438. 
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Zwischenferment at pH 7.4 in a final volume 
of 3 ml. The pH of each test system was 
maintained constant at 8.7 or 7.4 respectively 
with 0.4 ml 0.5 M trishydroxymethyl-amino- 
methane buffer(6). The dehydrogenases (0.1 
ml) and substrates were in excess in each case. 
Carboxymethylcellulose in amounts present in 
the extract had no effect on the rate of reduc- 
tion of the pyridine nucleotides. The en- 
zymatic reduction of the coenzymes was com- 
plete in 30-50 seconds. The amount of ex- 
tract of liver particles per cuvette was equiva- 
lent to approximately 0.4 g fresh liver. The 
enzymatic reduction of the extract was started 
by addition of either the substrate (0.1 ml 
95% ethanol, or 0.1 M Na-glucose-6-phos- 
phate), coenzyme, or dehydrogenases. A cor- 
responding system, where the same component 
was replaced by water, served as blank. There 
was no change in light absorption at 430 and 
560 my unless all the components of the reduc- 
ing system (rat liver particle extract, substrate, 
dehydrogenase, coenzyme) were present, while 
a slow increase of optical density at 430 and 
560 my occurred with both complete dehydro- 
genase systems. The cytochrome B-like com- 
ponent was under these aerobic conditions re- 
duced by 40% only in 15 minutes. The ad- 
dition of 0.1 ml cytochrome C (3.4.10? 
micromoles) to these systems resulted in an 
instantaneous and complete reduction of the 
C component (at 550 mp), and a subsequent 
increase of the reduction of the cytochrome 
B-like component (at 560 mp) in 2-3 minutes. 
The reduction of component B in the presence 
of cytochrome ‘C was about 70% with alcohol 
dehydrogenase-DPN, while it was complete 
with the Zwischenferment-T'PN-reducing sys- 
tem. The cytochrome '‘C reductase activity of 
the extract of rat liver particles was also 
tested by using smaller amounts of enzyme 
(equivalent to 50-100 mg of fresh liver). The 
components of the optical system in a final 
volume of 3 ml, were identical with the ones 
described previously. In each case immediate 
reduction of cytochrome C occurred when 
either chemically or enzymatically reduced co- 
enzymes were added. Cytochrome C could 
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not be replaced by methylene blue or tri- 
phenyltetrazolium chloride(7) indicating the 
absence of diaphorase(1) activity. In fact, 
the extract inhibited dye reduction. It is 
believed that this inhibition is partly due to 
the enzymatic inactivation of pyridine nucleo- 
tides by the extract. Incubation of 0,2 ml 
extract (equivalent with approximately 80 mg 
fresh liver) with 2.35 micromoles of DPN in 


glycylglycine buffer (0.15 M, pH 7.5) for 60 


minutes at 37°C resulted in the appearance 
of 0.53 micromole of nicotinamide (deter- 
mined chemically) (8), and the disappearance 
of 0.76 micromole of DPN (determined en- 
zymatically) (4). No change in light absorp- 
tion at 550 or 560 my occurred if in presence 
of cytochrome C and rat liver particle extract 
succinate, acetaldehyde, or choline-chloride 
were added. 


Discussion. The catalytic activity of the 
extract of rat liver particles can be defined as 
an electron mediating system between reduced 
coenzymes and cytochrome C. The cyto- 
chrome C reductase of Haas, Horecker, and 
Hogness(9) isolated from yeast, links reduced 
TPN to cytochrome C. The DPN linked de- 
hydrogenases of mammalian tissues also re- 
duce cytochrome C via a reductase(10,11). 
The separation of these systems from mam- 
malian tissue particles has hitherto not been 
reported. The circumstance that the rat liver 
preparation can mediate electrons both from 
DPN *H. and TPN* He to cytochrome C 
would suggest that this enzyme has no speci- 
ficity toward coenzymes, or that 2 separate 
reductases may be present in this preparation. 
Hogeboom and Schneider(11,12) showed that 
mitochondria can catalyse the reduction of 
cytochrome C by both TPN*Hs and 
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DPN* Hp». The participation of a component 
of our system, which has a cytochrome-B-like 
spectrum, is as yet not quite clear. The pos- 
sible identity of this component with cyto- 
chrome B is based at present merely on spec- 
troscopic evidence. Keilin and Hartree(13) 
suggested that attempts to “solubilize” cyto- 
chrome B may modify the heme protein. This 
problem ‘can only be solved by isolation of 
cytochrome’, Since it is difficult to see what 
the criterion of modification of a substance 
is which is defined almost exclusively by its 
absorption spectrum. Spectrophotometric 
properties of the B-like compound indicate 
that it can be slowly reduced enzymatically. 
The slow rate of aerobic reduction of com- 
ponent B may be due to its low Eo’ (—0.040 v) 
(Ball) (14) and its autooxidizibility. There 
was some indication that the Zwischenfer- 
ment-TPN system reduced the B component 
more readily. Addition of cytochrome C 
greatly accelerated the reduction of B by the 
coenzyme linked dehydrogenases. ‘The se- 
quence of the appearance of the reduced bands 
(first C, then B) may be explained in such a 
way that traces of reduced B are sufficient to 
maintain a steady flow of electrons to C, and 
B becomes visibly reduced only after C is 
completely in reduced form. If this explana- 
tion is valid it substantiates the view of 
Potter and Lockhart(15), who suggested that 
cytochrome B is necessary to link pyridine 
nucleotide dependent dehydrogenases through 
a flavoprotein component to cytochrome C. 
Slater(16) recently showed that a factor is 
necessary between DPN * Hp, flavoprotein and 
cytochrome C. It cannot be excluded that the 
B component of the extract of liver particles 
is related to, or identical with this compound. 
It is of interest that variations in the pro- 
cedure of extraction of liver particles altered 
primarily the heme protein content of the ex- 
tract. Prolonged extraction (for 5-6 hours) 
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or the use of less isobutanol or replacement of 
phosphate by bicarbonate resulted in low 
heme protein content of the extract. When 
the extraction was carried out at 30-37°C for 
1 hour no heme protein could be detected 
spectrophotometrically. This yellow extract 
had diaphorase activity. The fractionation 
of the extract on a larger scale and character- 
ization of the components is now being at- 
tempted. 

Summary. Washed rat liver particles were 
subjected to treatment with isobutanol in the 
presence of dilute solution of carboxymethyl- 
cellulose sodium salt and phosphate buffer at 
ice bath temperature. The resulting extract, 
after being freed from isobutanol, contained a 
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water soluble catalytic system capable of 
transferring electrons from DPN* H2 or 
TPN * H». to cytochrome C. The possible © 
identity of a heme protein-like component, 
with cytochrome B and other enzyme proper- 
ties of the extract (peroxidase, DPN-ase) are 
discussed. 


I am deeply indebted to Dr. Brigit Vennesland 
for her continuous interest and criticism in this 
work. The generous gift of samples of DPN, TPN, 
alcoholdehydrogenase, Zwischenferment and _ cyto- 
chrome C from Dr. Eric Conn is greatly appreciated. 
My thanks are due to Dr. H. G. Williams-Ashman, 
who determined the enzymatic breakdown at DPN. 
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A Method for Determining Blood Volume of the Rat Using Radioactive 


Phosphorus.* 


Puitre O’B. MontTGOMERY. 


(18808) 


(Introduced by Shields Warren.) 


From the Cancer Research Institute, New England Deaconess Hospital, Boston, Mass. 


With the advent of radioactive phosphorus, 
methods for the determination of the blood 
volume using the P*? labeled red cells have 
been worked out for a variety of mammals 
including man. The purpose of this paper is 
to present a method for measuring the blood 
volume of the rat using P®* labeled red cells, 
and to report the results obtained. 

Method. The method used is a modifica- 
tion of the method employed by Reid and 
Orr(1) for human blood volume determina- 
tions using radioactive phosphorus labeled red 
cells. A normal adult ether-anesthetized rat 
is bled to death by either aortic or cardiac 
puncture and the blood heparinized and cen- 
trifuged. The serum and buffy coat are 
pipetted off, an equal volume of physiologic 
saline solution containing 12 pc of P®*t(2) 
is added and gently mixed. (Either carrier 


* This work was done under U. S. Atomic Energy 
Commission Contract AT (30-1)-901 with the New 
England Deaconess Hospital. 

1, Reid, A., and Orr, M. K., J. Clin. Invest., 1950, 
v29, 313. 


or carrier-free radioactive phosphorus may be 
used. If carrier P*? is used, care must be 
taken to prevent the K salt concentration 
from becoming too high, as hemolysis will re- 
sult.) The cells are incubated for 45 minutes 
at 37°C; then are centrifuged and washed 3 , 
times with normal saline. The final standard 
suspension of cells should be approximately 
equal to the original volume of blood—or- 
dinarily about 8 ml. When the determination 
is to be made, the rat is weighed to the nearest 
half-gram and lightly anesthetized with ether. 
The jugular bulb is exposed and a half ml of 
the standard labeled cell suspension injected 
intravenously. (For this purpose we use 27 
gauge needles and half ml tuberculin sy- 
ringes.) Ten minutes is allowed to elapse 
and one-half ml of blood is withdrawn by car- 
diac puncture. This unknown rat sample is 
laked in 2 ml of tap water in a counting 


{The P82 used was supplied by the Oak Ridge 
National Laboratories, Oak Ridge, Tenn. 

2. Cartland, G. F., and Kock, F. C., Am. J. 
Physiol., 1928, v85, 540. 


446 


chamber cup.? One-half ml of the standard 
labeled cell suspension is diluted to 10 ml in 
physiologic saline. One-half ml of this diluted 
standard cell suspension is laked in 2 ml of 
tap water as the diluted standard sample. 
Both samples are evaporated to dryness at 
95°C. The activity counts are then measured 
by a Geiger-Muller counter. The blood vol- 
ume is calculated as follows: Example rat No. 
7—wt 230.2 g. Background = 0.5 count 
per sec. 
counts per sec. (uncorrected). Corrected di- 
luted standard sample = 8.2 counts per sec. 
per % ml. 20x 8.2 = 164 counts per sec. 
per % ml = corrected standard sample. Cor- 
rected rat unknown sample = 5.7 counts per 


164 
4 ml per sec. —— = 28.8 % ml in blood 
5.7 
28.8 
volume. -——- = 14.4 ml blood volume. 
2 


For the purpose of this experiment, the spe- 
cific gravity of the blood is assumed to be 1— 
14.4 
thus the percentage body weight = ——— = 
230.2 
6% body weight. 

This procedure may be repeated, as one 
does not need to sacrifice the animal. If a 
second determination is performed, a half ml 
sample of blood is obtained by cardiac punc- 
ture prior to giving the labeled red cells intra- 
venously for the second time, and its count 
value subtracted from the sample obtained 
after the injection of thé labeled cells—the 
calculation of the blood volume is otherwise 
the same. 

Results. This study represents the blood 
volume determinations upon 34 normal adult 
white rats, seven of which were repeated 2 
days after the first determination. The aver- 
age blood volume for the whole series is 6.3% 
of body weight. The maximum variation in 
the repeated volumes is +1.0% body weight, 
while the maximum variation from the aver- 
age blood volume for the whole series is 1.7% 
body weight. The standard deviation is 0.7. 


+ For this purpose we use screw cap bottle tops 
1.7 cm diameter and 0.3 cm depth. 


Diluted standard sample = 8.7 


Rat BLtoop VOLUME DETERMINATION 


TABLE I. 

Rat No. Bodywt,g  Bloodvol,ml % body wt 
58 175 10 5.7 
99 118.2 Hea 6 

2 182.8 10.6 5.8 
8 137.2 8 5.85 
3 232 16.3 7 
1 262.2 16 6.1 
{net 267.1 12.5 4.6 
4 271.1 13.45 4.95 
5 207.8 14.05 6.75 
6 210.9 12.5 5.7 
54 328.3 19.7 6 
35 405.6 26.2 6.5 
59 330.7 22.4 6.8 
55 287.7 15.8 5.45 
54 236.4 16:1 6.85 
66 262.9 19.3 (pad 
44 258 19.3 7.4 
52 279.2 18.65 6.7 
o7 271.2 18.85 6.95 
58 295.3 21.3 TA 
7 280.2 14.4 6 
8 212.2 14.9 7 
9 291.2 14.4, 4.95 
10 245.9 15.45 6.25 
am) 293.2 18.7 6 
12 275.8 20.5 7.4 
13 210.1 14.4 6.85 
49 247.4 11.4 46 
50 185.5 13.25 7.15 
54 245 16.05 6.55 
56 215.4 14.3 6.65 
57 150 9.75 6.5 
60 147.5 10.45 feat 
63 168 12.5 7.4 
Avg 6.3 
Max 7.4 
Min 4.6 
- Std. deyeused 
TABLE II. 
Initial Repeat 
Rat Body blood blood Initial % Repeat % 
No. wt,g vol,ml vol,ml bodywt body wt 
7 230.2 14.4 13a 6.25 5.7 
8 212.2 14.9: 14 7.03 6.6 
9 291.1 14.4 15.7 4.95 5.4 

10 245.9 15.4 14.2 6.25 5.8 

11 = 293.2 18.7 17.5 6 5.95 

12 275.8 20.5 14 7.4 6.8 | 

13 210.1 14.4 12.3 6.85 5.8 


98%_of the values fall within twice the stand- 
ard deviation. The figures are given in Tables 
I and II. 

Discussion. The results presented here 
agree with those previously presented in the 
literature by other workers using different 
methods. Their results are summarized in 
Table III. The radioactive red cell technic 


\ 


OvARIAN GRAFTS ONTO CHORIO-ALLANTOIC MEMBRANE 


TABLE IIT. 


Name Method Result 
Cartland and Kock(2) Dye 6 to7.9% B.W. 
Jolly and Stini(3) Welcker 4 to5 %B.W. 
Chisolm (4) Welcker 5.3 to 7.3% B.W. 
Seott and Bareroft(5) CO 5.4 to 7.9% B.W. 
Griffith and Dye 4.1 to 5.3% B.W. 

Campbell (6) 
Cutting and Cutter(7) ae 4 to5 %B.W. 
Went and Drinker (8) zhi 6.9 to 7.9% B.W. 


for the measurement of the blood volume of 
the normal rat may thus be considered to be 
a reliable one. 

Conclusions. 1. A method for the deter- 
mination of blood volume of the rat by radio- 
isotope dilution is described. 2. In 34 normal 
adult white rats, average blood volume was 
6.3% of body weight, with a stand. dev. of 
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0.7. 3. In 7 rats, the determination was re- 
peated with a maximum error of +1% body 
weight. 4. These results are in agreement 
with those reported in the literature using dif- 
ferent methods. 


3. Jolly, J., and Stini, J., Compt. rend. Soc. de 
biol., 1905, v58, 835. 

4. Chisolm, R. A., Quart. J. Exp. Physiol., 1911, 
v4, 207. 

5. Scott, J. M. D., and Barcroft, J., Biochem J., 
1924, v18, 1. 

6. Griffith, J. Q., Jr., and Campbell, R., Proc. Soc. 
Exp. Brot. AnD MeEp., 1937, v36, 38. 

7. Cutting, W. C., and Cutter, R. D., Am. J. 
Physiol., 1935, v113, 50. 

8. Went, S., and Drinker, C. L., Am. J. Physiol., 
1929, v88, 468. 
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Human Ovarian Grafts onto the Chorio-Allantoic Membrane of 


Developing Chick Embryos.* 


_ FRANK E. RuBovITs AND BERNARD S. ABRAMS. 


(18809 ) 


(Introduced by H. Necheles.) 


From the Division of Obstetrics and Gynecology, Michael Reese Hospital, Chicago. 


Murphy(1) was the first to demonstrate 
that mammalian tissue (Jensen rat sarcoma) 
could live and grow actively on the chick 
embryo. Minoura(3) grafted ovary and 
testis from chick embryo and adult chickens 
onto the chorio-allantois of chick embryos. 
His conclusions indicated that these ovarian 
and testicular grafts remained functional and 
caused, in general, modification of the chick 
reproductive system in ‘the direction of the 
type of gonadal graft. Oakley(4), studied 
grafts of liver from chicks, hens, and fetal 
rats on the chorio-allantois of chick embryos. 


* The authors wish to express their appreciation to 
Dr. Marion Corrigan of the Dept. of Pathology, 
Michael Reese Hospital for her painstaking study of 
the microscopic sections and to Dr. Albert Milzer of 
the Dept. of Bacteriology and Virology, Michael 
Reese Hospital for his advice and generous use of his 
laboratory facilities. Mrs. Phyllis Adelman provided 
invaluable technical assistance. 

1. Murphy, J. B., J.4.M.A., 1912, v59, 874. 

3. Minoura, J. Exp. Zool., 1921,-v33, 1. 

4. Oakley, C. L., J. Path. and Bact., 1938, v46, 109. 


FIG. 1. Ovarian Graft, 4 Days, X130. Follieular 
structures and ovarian stroma are identifiable. Con- 
tact is intimate. Vascularization absent. 
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OVARIAN GRAFTS ONTO CHORIO-ALLANTOIC MEMBRANE 


FIG. 2. Ovarian Graft, 5 Days, X130. Primary follicles and acinar structures surrounded by 
ovarian stroma. 


He concluded that the success of the graft and 


degree of growth is a function of the “indi- 
vidualization” (tissue differentiation? ma- 
turity?) of the transplanted material. He 


noted that the grafts began to fail on about the 
20th day. Quoting Sandstrom, he felt that 
this phenomenon might be due to the pro- 
gressive degeneration of the chorio-allantoic 
membrane as the chick approached hatching 
age. This is an alternate view of the one 
proposed by Murphy(2), who postulated that 
the chick embryo was incapable of a specific 
response to heterologous tissues until the 
chick was approaching hatching age. 

Goodpasture, Douglas, and Anderson(5) re- 
ported the successful grafting of human skin 
on the chorio-allantois of the chick embryo. 
They describe 3 stages in ‘the life of their 
grafts: 1. Stage of ‘“plasmatic circulation”. 
2. Stage of vascularization. 3. Stage of re- 
generation and repair. 


Hurst, Cook and McLennan(6) reported 
survival and growth of human and rabbit 


2. Murphy, J. B., J. Exp. Med., 1913, v17, 482. 

5. Goodpasture, E. W., Douglas, B., Anderson, K., 
J. Exp. Med., 1938, v68, 891. 

6. Hurst, E., Cook, B., McLennan, G. C., Austr. J. 
Exp. Biol. and Med. Sc., 1939, v7, part 2, 215. 


tissues on the chorio-allantois of the chick 
embryo. ‘‘Takes” were obtained with human 
carcinomatous tissue from the breast, gastric 
carcinoma metastasis to lymph glands and to 
omentum, inflamed salivary gland, normal 
lymph gland, and rabbit kidney. Goodpasture 
and Anderson(7) grafted human chorion and 
amnion onto chick chorio-allantois and suc- 
ceeded in inoculating the grafts with herpes 
simplex, variola, and vaccinia virus. Blank, 
Coriell, and Scott(8) demonstrated that grafts 
of human skin on the chorio-allantois of de- 
veloping chick embryos could be passed 
serially from egg to egg at weekly intervals 
and remain viable. Harris and Harris(9) 
grafted rabbit lymphatic tissue onto the 
chorioallantoic membrane. 

Method. Seven to 10-day-old chick em-. 
bryos were prepared by the “false air sac” 
method(10). Human ovarian tissue was ob- 


7. Goodpasture, E. W., Anderson, K., Am. J. Path., 
1942, v18, 563. 

8. Blank, H., Coriell, L. L., Scott, T. F., McNair, 
Proc. Soc. Exp. Biot. anp Mep., 1948, v69, 341. 

9. Harris, S., Harris, T. N., Proc. Soc. Exe. Brox. 
AND Mep., 1950, v74, 142. 

10. American Public Health Association, Diagnostic 
Procedures for Virus and Rickettsial Diseases, 1948, 
243. 


OVARIAN GRAFTS ONTO CHORIO-ALLANTOIC MEMBRANE 


FIG. 3. Ovarian Graft, 7 Days, X130. Vasculari- 
zation of graft by capillary sprouts from chick 
chorio-allantoic membrane. 


tained during operation. Pieces of tissue 
approximately 1 x 2 x 2 mm were placed in 
physiologic saline containing 250 units of 
penicillin and 250 units of streptomycin per 
cubic centimeter, and were introduced onto 
the chorio-allantoic membrane as soon as 
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possible. The shell defects were closed either 
with “Scotch tape” or with sterile cover-glasses 
mounted on sterile vaseline. Daily observa- 
tions were made with the dissecting micro- 
scope. As a rule, 7 to 10 eggs were “inocu- 
lated” at a time with the specimen of tissue 
to be studied. The first egg was usually sacri- 
ficed at 3 days and another egg daily there- 
after. The tissues were fixed in 10% formalin, 
blocked in paraffin, and stained with hema- 
toxylin and eosin. A few preparations were 
stained by Van Giesen and Giemsa technic. 

Results. A. Ovarian Grafts. Four days 
after grafting, the ovarian stroma is well pre- 
served. At the site of contact, fibroblasts are 
apparent. No chick erythrocytes are demon- 
strable within the graft. The visible follicular 
structures are isolated mononuclear elements, 
probably ova devoid of follicular epithelium, 
and occasional primary follicles. 

After 5 days, the graft is closely apposed to. 
the chorio-allantoic membrane. No chick 
erythrocytes are demonstrable within the 
vessels of the graft, but the capillary buds are 
luxuriant at the site of contact with the graft. 
At the graft periphery are noted ova and pri- 
mary follicles in various stages of degenera- 
tion. (Fig. 1 and 2.) 

Six days after grafting, tlhe. graft is en- 


FIG, 4. 


Ovarian Graft, 7 Days, X130. Intrinsic muscular walled blood roswell of graft con- 


taining chick erythrocytes. 
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FIG, 5. Ovarian Graft, 13 Days, x49. Extensive vascularization and early degeneration of 
graft. 


veloped peripherally by a fine capillary net- 
work. That portion of the graft most distant 
from the point of contact with the chorio- 
allantois appears homogeneous, relatively 
avascular and acellular, and ‘takes an eosino- 
philic stain, suggesting early hyalinization. 
The ovarian stroma is identifiable. Occasion- 
ally, an apparent ovum persists. Blood vessels 
containing chick erythrocytes extend through 
the graft. Many of these vessels have definite 
muscular walls, indicating that they are pre- 
existent vessels of the ovarian tissue (Fig. 3 
and 4.) 

Eight, 10 and 13 days after grafting, the 
ovarian stroma remains identifiable and is 
vascularized. No follicular elements are seen. 
(Fig; 5.) 

B. Endometrial Grafts. Endometrium was 
obtained by curettage or suction biopsy from 
several patients of various ages and at dif- 
ferent phases of the menstrual cycle. Initial 
efforts at grafting endometrium were unsuc- 
cessful, but finally “takes” were obtained 
when antibiotics were eliminated from the 
solution into which the endometrium was 
placed. The specimen is proliferating endo- 
metrium obtained by curettage. After 4 days 
of growth, there is vascularization of the 


chorio-allantoic membrane. Nucleated red 
blood cells are seen in the vessels of the graft, 
and there is an intimate connection of the graft 
with the chorio-allantoic membrane by spindle 
shaped cells, loose connective tissue, and blood 
vessels. ‘Well preserved cuboidal epithelial 
elements in glandular formation are present. 
The graft surface most distal ‘to the point of 
contact with the chorio-allantois showed 
fibrin, erythrocytes and nuclear detritus (Fig. 
6). 

Discussion. The general pattern of develop- 
ment of these grafts parallels the reports from 
the literature. At 4 days, survival of the 
graft is demonstrable, even though there is no 
vascular connection with the chorio-allantois 
established. The next 4 or 5 days after graft- 
ing reveals progressive vascularization of the 
graft, survival (growth?) of the less “special- 
ized” elements and degeneration of the more 
“Specialized” elements of the ovarian tissue. 
As the chicks approach hatching age, there 
is more tissue degeneration in the grafts, and 
there is progressive peripheral investment of 
the graft by capillary networks from the 
chorio-allantois. At this stage, the grafts ap- 
pear definitely to act as foreign bodies and 
to provoke a destructive action by the chorio- 
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FIG. 6. Endometrial Graft, 4 Days, 


130. Carbon particles, injected into chorioallantoic 


membrane blood vessels, appear in vessels of graft. Meager glandular elements persist sur- 
: rounded by endometrial stroma. 


allantois of the chick. 


Endometrial grafts follow the same general 
pattern of growth as ovarian grafts. How- 
ever, the grafts were unsuccessful when they 
had been bathed in solutions containing anti- 
biotics. 


These preliminary data indicate that hu- 
man ovarian and endometrial tissue will sur- 
vive and grow when grafted onto the chorio- 
allantois of the developing chick embryo. To 
date, serial transfers of these grafts from egg 
to egg has not been attempted. The data sug- 
gests that the optimum time for serial trans- 
fer of the grafts would be from day 4 to day 
8 after the initial grafting. The explanted 


tissue is apparently nourished by the “plas- 
matic circulation” prior to vascularization 
from the chorio-allantois. Serial transfer of 
the explants before the establishment of a 
“take” is worthy of investigation. 
Conclusions. 1. Human ovarian and endo- 
metrial tissues have been grafted successfully 
onto the chorio-allantois of the developing 
chick embryo. 2. The active survival 
(growth?) span is short and the grafts provoke 
a foreign body reaction by the chorio-allantois 
as hatching age of the chick is approached. 
3. Possible technics and investigative applica- 
tions of the described methods are discussed. 


Received March-2, 1951. P.S.E.B.M., 1951,.¥77. 
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Precipitation Patterns of Normal and Pathologic Blood Sera with 


Cationic Detergents. 


(18810) 


R. L.. Maver AND P. C. ErsmMan. 


From the Division of Microbiology, Research Dept., Ciba Pharmaceutical Products, Summit, N. J. 


Cationic detergents of the quaternary- 
ammonium-salt-type form precipitating com- 
plexes with serum proteins which are soluble 
in an excess of either the protein or the deter-~ 
gent. The zone of precipitation, the so-called 
equivalence zone, varies with the different de- 
tergents(1-3). Similarly, the intensity of pre- 
cipitation depends upon the concentration of 
the reacting protein. Thus characteristic 
peaks of precipitation are observed which 
broadly indicate the maximum interference, 
by the detergent, with the activities of certain 
enzymes, especially with oxidative pro- 
cesses(4). 

Under normal physiological conditions the 
concentration of the proteins, as well as the 
other components of serum capable of re- 
acting with detergents, remain constant within 
narrow limits and one would therefore expect 
relatively slight variations in the intensity of 
precipitation taking place when various sam- 
ples of normal serum are treated with cationic 
detergents. Considerable differences in serum 
protein concentrations are known to exist un- 
der certain pathological conditions however, 
which may appreciably influence the reaction 
between serum and detergent. Since it seemed 
to us that such possible variations in the de- 
gree of precipitation could be characteristic 
for certain diseases, we have investigated 
whether physiological or pathological changes 
in the composition of the serum influence the 
rate and intensity of the serum protein pre- 
cipitation when treated with a cationic deter- 
gent under standard conditions. 

Experimental. To decreasing amounts of 


1. Putnam, F. W., Advances in Protein Chem., 
1948, v4, 79. 

2. Putnam, F. W., and Neurath, H., J. Am. Chem. 
Soc., 1944, v66, 692. 

3. Glassman, H. N., Ann. N. Y. Acad. Sci., 1950, 
v53, 95. 

4. Baker, Z., Harrison, R. W., and Miller, B. F., 
J. Exp. Med., 1941, v74, 621. . 


blood serum made up to 0.5 ml volumes with 
0.9% NaCl solution were added 0.1 ml 
amounts of different concentrations of cationic 


detergent. The ensuing turbidities were meas- 


ured at various intervals of time. Blood 
serum*: Non-hemolytic blood serum from 
normal persons and from patients suffering 
from various diseases were used. Cationic de- 
tergents: The preliminary tests were carried 
out with the following compounds: Brado- 
sol(5-7), (@-phenoxy-ethyl-dimethyl-dodecyl 
ammonium bromide); Zephiran(8), (alkyl- 
dimethyl-benzyl ammonium chloride) ; CTAB 
(9,10), (cetyl trimethyl ammonium bromide). 
In identical concentrations, the 3 compounds 
produced with serial dilutions of the same 
normal blood serum samples different precipi- 
tation patterns and turbidities with precipita- 
tion peaks at differing serum dilutions. With 
CTAB only a very slight precipitation was 
observed in all dilutions of serum, the tur- 
bidities obtained with Zephiran were more 
pronounced, while Bradosol gave a series of 
progressive turbidities in a characteristic and 
distinctive precipitation pattern (Table I). 
Test procedure. In all experiments a 
broad range of various serum dilutions was 
used in order that the full range of precipita- 
tion, its pattern and the role of interfering 


* We are indebted to Dr. L. Berman, Summit, N. J., 
Dr. George Erdman, Overlook Hospital, Summit, 
N. J., and to Dr. M. Goldner, Chief of Medicine, 
Veterans Administration Hospital, Brooklyn, N. Y., 


‘for supplying the many samples of serum used in 


these experiments. 

5. Neipp, L., and Gross, F., Schweiz. Med. Wochen., 
1949, v79, 980. ; 

6. Enzler, A., Philipp, R., and Seidenberg, S., 
Schweiz. Med. Wochen., 1949, v79, 986. 

7. Eisman, P. C., Rodbart, M., Kull, F. C., and 
Mayer, R. L., Fed. Proc., 1947, v6, No. 1. 

8. Domagk, G., Dtsch. Med. Wschr., 1935, v61, 
829. 

9. Barnes, J. M., Lancet, 1942, v1, 531. 

10. Hoogerheide, J. C., J. Bact., 1945, v49, 277. 


BRADOSOL PRECIPITATION OF BLoop SERUM 


TABLE I. Turbidity of Normal Human Blood 
Serum Measured .5, 2, 5, 10, 30 and 60 Min after 
Addition of 1% Bradosol. 


Time —— Ratio of serum to saline solution —— 
in min 10:0 9:1 8:2 7:3 6:45:5 4:6 3:7 2:8 1:9 


te eee Ome Onis-One dn 2.5, pore ae er = OL 

2 0 Th ag UTE SSID 2 RS ee eee ence aaa 

5 2 x Ea) eee BS eit at ala ea 
10 4 Aerie rOe Dye Ol heGY AG IA OD, 
30 5 DEP O MDE ae Ole ON O28. 72 
60 5 ome me One Ore CO) OO" 2 
120 5 Deed Oe Omnia ON Ok Ou 8B). 2 


*These values express various degrees of tur- 
bidity, 0 denoting no turbidity and 6 maximum tur- 
bidity. Relationship of these values to Lumetron 
readings is shown in Table IT. 


TABLE Il. Turbidity Factors. Density of the 
standard serum-taleum suspensions of tubes 1 to 7. 
Measured in Lumetron Colorimeter, with 420 filter. 


Density Turbidity factor 
3 0 
38 1 
64 2 
87 3 
j teat 4 
1.35 5 
1.64 6 
1.89 7 


factors could be studied. For practical pur- 
poses, however, the following procedure was 
adopted: 0.5, 0.45, 0.35, 0.3, 0.25 ml amounts 
of serum were introduced into small test tubes 
(7 x 0.8 cm) and the volume made up to 0.5 
ml with 0.9% sodium chloride solution. 
After shaking, 0.1 ml amounts of 1% Brado- 
sol in 0.9% NaCl solution were added and 
the tubes again shaken. Thirty seconds, 2 
and 5 minutes after the addition-of Bradosol 
the turbidities were measured. All reactions 
were carried out at room _ temperature. 
Measurement of turbidities. Immediately 
upon the addition of the detergent, a turbidity 
is produced in certain tubes which progres- 
sively increases within the next few minutes. 
Since under these circumstances it was im- 
possible to measure accurately the turbidities 
at 30”, 2’ and 5’ intervals by means of photo- 
electric apparatus, we have estimated by eye 
the turbidities occurring in the serum tubes, 
with turbidity standards, the standards con- 
sisting of various amounts of talcum sus- 
pended in serum so as to correspond to the 
photo-electric readings as shown in Tabie II. 
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Results. 30 seconds after addition of the 
detergents, undiluted normal serum (tube 1) 
and dilutions contained in tubes 2 to 4 re- 
mained clear, but considerable turbidity had 
formed in the last 2 tubes. Within a few 
minutes all tubes showed progressive turbidi- 
ties and precipitations. The precipitation 
pattern of sera obtained from certain patho- 
logical cases, however, presents two con- 
sistent variations from the normal serum 
pattern described above. Thus the following 
turbidity (or precipitation) patterns can be 
distinguished: 

1. Normal turbidity pattern. Observed 
with sera from normal patients and _ illus- 
trated by the turbidity sequence shown in 
Table III, upper part. This pattern is con- 
stant. 

2. Abnormal turbidity patterns. Certain 
sera samples obtained from patients with 
pathological processes such as_ nephrosis, 
jaundice, cancer, pulmonary infarction, gave 
either of the following turbidity patterns: a. 
Abnormal turbidity pattern with heavy pre- 
cipitation. In this type even undiluted serum 
responds to the addition of Bradosol with 
the immediate development of a very heavy 
precipitate. As shown in Table III, middle 
section, very slight or no progressive precipi- 
tation is observed. b. Abnormal turbidity 
pattern without any precipitation. Certain 
sera, upon addition of 1% Bradosol, yielded) 
no or very insignificant precipitation in all the 
dilutions tested. In some cases all tubes re- 
mained clear during the entire observation 
while in a few instances faint turbidities de- 
veloped after 2 to 5 minutes. This pattern 


TABLE III. Turbidity Patterns. Turbidities 
measured 30 sec, 2 min and 5 min after addition 
of 1% Bradosol. Factors according to Table I. 


-——- Tube No. 


: a 
Time a 2 3 4°08 6 

1. Normal 30 sec iD AOee MOR Ore a aa 32 
Oo ls Oe ro See ata at 

pei) Cee ets te Ot pA men aa 

2a. Abnormal 30 see 7 7k 7 7 4 vf 
with heavy er TOUT ea fe Cleave eh Teas ee 
precipitation 5 ”’ LE RUN Re Zi ate Sleek e 
2b. Abnormal 30 see COD ECD MALU) OP Ape tC) 
Withoutany 2min 0 0 0 0 0 41 
precipitation 5 ’’ ORE URae Oicle. Oo) Solem 
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TABLE IV. Types of Precipitation Obtained with 
Various Plasma Fractions and Bradosol. 


Protein, Cone., Reaction with 
Armour & Co. % 1% Bradosol 


Bovine albumin 5. 


5.6 No precipitation 
FractionIV4 5.6 ee bi, 
iby 


B globulin 75 Strong 7? » equal to 
precipitation shown in 
Table III, 2a 

y globulin 1.75 = Bp globulin he 

Fibrinogen 6 Extremely strong precip1- 
tation, stronger than 


“precipitation shown in 
Table III, 2a 


was characteristic for icteric sera and is 
shown in Table III, lower portion. Interme- 
diate reactions between the normal and ab- 
normal patterns were observed with certain 
sera and it was, especially in the earlier 
stages of this investigation, rather difficult to 
classify a particular reaction with either the 
normal or abnormal pattern. 

Mechanism of reaction. Efforts were made 
to explain the reasons for these variations. 
1. Influence of the Bradosol concentrations 
on the precipitation of normal sera. The ad- 
dition of 0.1 ml amounts of 2% Bradosol 
solution to the serum dilutions immediately 
produced a heavy and rapid precipitation in 
all tubes including those containing undiluted 
serum whereas a 1% solution of Bradosol 
yielded a progressive precipitation and the 
distinctive pattern described above; lower con- 
centrations (0.5% and 0.1%) yielded only 
faint turbidities. 2. Influence of the serum 
concentration. Immediately upon the addi- 
tion of 1% Bradosol solution to undiluted 
serum from normal individuals, little or no 
turbidity developed, but as the serum be- 
came more diluted, a progressively increasing 
turbidity occurred reaching a maximum at a 
dilution of 1:2. In dilutions of 1:8 and 
higher, the degree of precipitation decreased. 
3. Reaction between Bradosol and the vari- 
ous normal serum constituents. The following 
protein fractions were tested with 1% Brado- 
sol. Each protein was dissolved in 0.9% 
NaCl solution to yield concentrations ap- 
proximately similar to their concentrations in 
normal blood-serum and these solutions were 
diluted as described in the section on methods. 
From these experiments it may be inferred 
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that the turbidity and precipitation of blood 
serum-detergent mixtures are associated 
mainly with the presence of globulins and 
fibrinogen. Determinations of pH values of 
the various serum-detergent mixtures indi- 
cated that the values remained constant with- 
in the dilution series of the individual sera 
and no significant differences were observed 
between normal and abnormal sera. The pH 
range found fell between 7.12 and 7.82. 
4, Abnormal precipitation patterns. It seems 
probable that the pattern characterized by 
heavy precipitation is due either to a lower- 
ing of the serum protein concentration or 
disturbances in the normal albumin-globulin- 
fibrinogen ratio. Another factor responsible 
for immediate and heavy precipitation in 
certain pathological sera is the presence of in- 
creased amounts of lipids. Positive reactions 
were obtained in normal lipemic sera which, 
in the absence of lipids, gave the normal pre- 
cipitation pattern. 

Absence of any precipitation (abnormal pat- 
tern b) was observed in sera obtained from 
patients with jaundice. This form of reaction 
occurred also in icteric sera of nephrotic or 
carcinoma patients in which according to pre- 
vious experience we would have expected a 
heavy precipitation. Ox-bile and sodium 
desoxycholate added to normal and strongly 
precipitating sera in concentrations of 2% to 
0.5% completely prevented precipitation of 
blood serum proteins. Concentrations of de- 
soxycholate below 0.1% also gave evidence of 
interfering activity. Like ox-bile(11, 12), 
Suramin(13, 14), Tamol N(15), soap, and 
sodium laurylsulfonate(3) strongly __ in- 
terfered with serum precipitation. All these 
substances are known to counteract the 
germicidal activity of cationic detergents. It 


11. Klarman, E. G., and Wright, E. S., Am. J. 
Pharm., 1950, v120, 146. 

12. Klarman, E. G., Ann. N. Y. Acad. Sci., 1950, 
V5 123% 

13. Lawrence, C. A., J. Am. Pharm. Assn., Sci. Ed. 
1948, v37, 57. 

14. Lawrence, C. A., Ann. N. Y. Acad. Sci., 1950, 
v53, 66. : 

15. Goetchius, G. B., Proc. 48th Gen. Meet. Soc. 
Am. Bact., 29, 1948. 
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is possible to titrate the concentration of 
precipitation-preventing substances in icteric 
sera by adding decreasing amounts of icteric 
serum to tubes containing dilutions of normal 
serum. One icteric serum (G.) prevented the 
Bradosol precipitation of the normal serum 


even when added to yield a final concentra- 


tion of 1:4. Since a similar suppression was 
obtained in presence of 0.2% sodium de- 
soxycholate, this particular icteric serum con- 
tained a precipitation-preventing factor cor- 
responding to the strength of 0.8% of a 
sodium desoxycholate. 

Comparison between the cationic detergent- 
precipitation and the coagulation of blood 
serum by heat. Variations in the precipita- 
tion pattern seem to be due to qualitative 
and quantitative changes in protein concen- 
tration. The “‘heat coagulation test” of serum 
as studied by Mayer(16), Rosenow(17), 
Glass(18), Huggins(19, 20), and others is 
‘based upon similar changes in the protein 
concentration. We have compared the re- 
sults of the heat coagulation tests, performed 
as originally described by one of us (R.L.M.) 
with the precipitation test. In general, the 
correspondence between both tests was good, 
especially with normal sera and with certain 
samples of sera from various diseases which 
gave a normal precipitation pattern and a 
normal coagulation at 75 to 77°C. Many 
sera with abnormal precipitation patterns also 
had an elevated heat coagulation point. But 
we have encountered various sera in which 
the precipitation test gave an abnormal pat- 
tern while the serum coagulated at the nor- 
mal temperature range and vice versa. We 
are not able at this time to explain many of 
these discrepancies. A similar lack of corre- 


lation has been observed also in icteric sera 


from nephrotic or cancer patients, with normal 
precipitation patterns but abnormally high 
coagulation points. We believe that here 
increased amounts of bile salts were responsi- 


16. Mayer, R. L., Klin. Wschr., 1922, v1, 1693. 

17. Rosenow, G., Klin. Wschr., 1922, v1, 1694. 

18. Glass, G. B., Am. J. Med., 1950, v8, 745. 

19. Huggins, C., Cancer Research, 1949, v9, 321. 

20. Huggins, C., Jensen, E. V., Player, M. A., and 
Hospelhorn, V. D., Cancer Research, 1949, v9, 753. 
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ble for these discrepancies. Bile salts do not 
interfere with the heat coagulation tests but, 
as shown above, strongly affect the precipi- 
tation test which is highly sensitive to an 
increase in bile salts content. 

Discussion. The precipitation and the heat 
coagulation reactions are by their very nature 
“unspecific.” From our earlier work(16) on 
heat coagulation we concluded that abnormal 
coagulation temperatures are indicative of cer- 
tain disturbances in the serum protein balance 
but are not specific for any particular disease, 
in spite of the fact that sera from various dis- 
ease processes, such as cancer or nephrosis, 
coagulate more frequently at temperatures 
well over 79°C than did sera from other path- 
ological conditions. Nevertheless, heat co- 
agulation tests have temporarily been ad- 
vocated as a specific diagnostic procedure 
especially as a cancer test(18, 19). 

The precipitation patterns are influenced 
by certain secondary factors as for example, 
‘the presence of increasing amounts of bile 
salts or lipids, which do not affect the heat 
coagulation of serum. Under these conditions 
the simultaneous exploration of both reac- 
tions in a particular case may constitute a 
more sensitive tool than either of these meth- 
ods alone, and the confrontation of the re- 
sults of both the heat coagulation and pre- 
cipitation reactions may enable the clinician 
to eliminate and interprete certain “false 
normal” precipitation reactions(21). 

Summary. Normal human blood serum 
forms a precipitate upon the addition of 
cationic detergents, particularly Bradosol, 
when tested in progressive serum dilutions up 
to 1:2 with a characteristic pattern of in- 
creasing turbidities. Sera from patients suf- 


fering from various diseases show entirely 


different patterns. This reaction may con- 
stitute a helpful clinical laboratory test.t 

t After this paper was submitted for publica- 
tion, two articles by R. F. Jacox et al. appeared in 
J. Lab. and Clin. Med., vol. 37, 721 and 728, 1951, 
on a similar reaction with a cationic detergent, Octab. 


21. Bronfin, G. J., Hart, R. W., Liebler, J. B., oad 
Goldner, M. G.; Proc. Soc. Exp. Bior. ann Mep., 
1951, v77, 456. 


Received May 21, 1951. P.S.E.B.M., 1951, v77. 
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Precipitation of Blood Sera with a Cationic Detergent. 
Evaluation.* 


A Clinical 
(18811) 


GERALD J. BRONFIN, Ropert W. Hart, JoHN B. LieBLer, AND Martin G. GOLDNER. 


From the Brooklyn Veterans Administration Hospital, Brooklyn, N. Y., and the State University 
of New York, College of Medicine at New York, N. Y. 


After the technique of precipitation of 
blood sera with cationic detergents had been 
developed(1), a clinical evalution of this pro- 
cedure was undertaken. 

Material. A total of 294 tests were carried 
out in a group of 234 subjects, 43 cases being 
repeated one or more times for the purpose 
of substantiating results or detecting serial 
changes. Twenty-one of the cases were con- 
trols (tests run on resident doctors, nurses, 
etc.), while the remainder (213) were male 
patients hospitalized in a general medical 
and surgical veterans hospital. Although 
many cases were taken at random out of the 
hospital population, particular emphasis was 
placed on the testing of all available patients 
with a clinical diagnosis of malignancy, 
hepatic, or renal disease. 

Procedure. Blood samples were drawn from 
the patients while in a fasting state and the 
sera obtained through centrifugation were re- 
frigerated at 5°C. for an average period of 24 
hours prior to testing. Whole serum and 
normal saline-serum dilutions of 9:1, 8:2, 7:3, 
6:4, and 5:5 were in each case tested with 
0.1 ml of a 1% Bradosol (Beta-phenoxy- 
ethyl-dimethyl-dodecyl ammonium bromide)? 
solution. The degree of turbidity of all dilu- 
tions was noted at intervals of 30”, 2’, and 5’ 
and compared with a set of standards of seven 
tubes prepared by Mayer(1). Those sera 
which gave a 5 to 7+ reaction in 30”, with 
a sustained or increased degree of turbidity 
at 2 minutes, were considered as positive tests. 


* Sponsored by the Veterans Administration and 
published with the approval of the Chief Medical 
Director. The statements and conclusions published 
by the authors are a result of their own study and do 
not necessarily reflect the opinion or policy of the 
Veterans Administration. 

7 Bradosol was supplied by Ciba Pharm. Prod., 
Summit, N. J. 

1. Mayer, R. L., and Eisman, P. C., Proc. Soc. 
Exp. Biov. anp Mep., 1951, v77, 452. 


All others of lesser turbidity, as well as those 
considered doubtful reactions, were classed as 
negative. In addition to the Bradosol protein 
precipitation reaction, 186 of the cases were 
additionally tested by means of the thermal 
coagulation point of serum. This procedure 
was carried out according to the methods de- 
scribed by Mayer(2) and by Glass(3), 78°C. 
being taken as the critical temperature. In- 
hibition of coagulation to above this tempera- 
ture was considered positive. 


Results. The group of 21 normal controls, 
without exception, showed a negative tur- 
bidimetric pattern. Four of these had more 
than one test carried out during varied 
metabolic states, including fasting, post- 
prandial, rest, and following exercise. Uni- 
formly negative results were obtained in 
these cases and it thus seemed evident that 
a stable reaction exists in the sera of normal 
healthy individuals. 

The remaining 213 cases were patients with 
known disease. Serial determinations were 
carried out in 39 of these cases, 2 to 6 tests 
being done at various time intervals. A 
stable positive or negative reaction, with two 
exceptions, was found to exist during the 
period of observation. The two cases with a 
varying Bradosol reaction are omitted from 
this series as insufficient data is available to 
permit conclusions regarding their  signifi- 
cance. The data given below are thus based. 
on the number of cases and not on the num- 
ber of estimations. 

Fifty-four or 25.3% of the 213 cases gave 
positive reactions while the other 159 cases 
(74.7%) revealed a negative turbidimetric 
pattern. Analysis of the results suggested 
that the distribution of the positive reactors 
throughout the entire series was not of a ran- 
dom character but rather followed a pattern. 


2. Mayer, R. L., Klin. Wschr., 1922, vl, 1693. 
3. Glass, George B., Am. J. Med., 1950, v8, June. 


SERUM PRECIPITATION WITH CATIONIC DETERGENT 


TABLE I. Tabulation of the 234 Cases Tested by 
the Bradosol Reaction. 


Se oo 
aa BS fa Ma SA 
Squamous cell 8 2 6 25 
carcinoma 
Prostatic carcinoma 9 7 2 77.8 
Lymphomas 8 3 5 37.5 
Sarcoma 8 5 3 62.5 
Visceral 29 17 12 58.6 
carcinoma 
Bronchogenic 6 a 5 16.7 
carcinoma, 
Totals 68 35 33 51.5 
Non-malignant disease 
Benign tumors 3 0 3 0 
Nephritis 4 al S08 O5 
Nephrosis 5 4 tt 80 
Cirrhosis 13 Wu 12 Heat 
Peptic uleer 9 2 ih 22.2 
Myocardial 13 3 10 23.1 
infarction 
Misc., infectious and 98 8 90 : 8.2 
degenerative disease 
Controls 21 0 21 0 
Totals 166 ul) 147 11.4 


An arbitrary division of the total cases into 
malignant and non-malignant disease re- 
vealed that a, significantly greater number of 
the 54 positive cases fell into the former 
group. For the purpose of presentation, as 
noted in Table I, the cases have been accord- 
ingly divided into the two categories of 
malignant non-malignant disease. The former 
group, 68 cases, were proven by histological 
study. The non-malignant cases, a total of 
166, were investigated thoroughly and the 
clinical diagnosis adequately substantiated. 
Any case of doubtful diagnosis or suspected 
but unproven malignancy was deleted from 
the series. 

Reference to Table I reveals that 35 or 
51.5% of the malignant group had a positive 
reaction. Nineteen or 11.4% of the non- 
malignant cases, including the controls, were 
positive reactors. With elimination of the 
21 controls from ‘the latter group, to include 
only cases with pathology of a non-malignant 
variety, 13.4% of the total were positive. Of 
special interest were the results obtained in 
2 varieties of non-malignant disease, cirrhosis 
and nephrosis. One of the 13 cases of cir- 
rhosis was positive while 4 out of the 5 nephro- 
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tics tested were positive reactors. 

The thermal coagulation point as well as 
Bradosol reaction was determined in 186 cases 
of which 53 were malignancies. Fifty-nine 
of the 186 cases were found to have serum 
which coagulated at 78°C. or over and were 
considered positive. This total includes 32 
non-malignant and 27 malignant cases, the 
latter representing 51% of the malignant 
cases so tested. A comparison of the thermal 
coagulation point of serum and the Bradosol 
reaction showed that there existed an over-all 
correlation in 136 cases or 73.1%, i.e. both 
tests were either positive or negative by both 
methods. : 

Discussion. During the course of this in- 
vestigation and by subsequent analysis of 
the final results, it became evident that any 
attempt to diagnose individual diseases solely 
by the precipitation reaction would be unsuc- 
cessful. It was equally obvious, however, 
that a definite trend with a consistency be- 
yond the realm of chance was obtained in 
many of the conditions tested. Thus, al- 
though not of diagnostic value, the figure of 
51.5% positive reactions in the malignancies 
is sufficiently higher than observed in the 
alternate group to suggest that certain varia- 
tions from normal, as demonstrated by pro- 
tein precipitation, do exist in malignancy. The 
number of cases of cancer with a positive 
turbidimetric pattern in this study is re- 
markably similar to the value obtained by 
Glass(3), who found by means of the thermal 
coagulation point of serum that 52.5% of the 
cancer cases tested were positive. Our efforts 
to correlate the positive reactions with the 
total proteins, albumin, and globulin, or other 
serum constituents in the patients tested were 
largely unsuccessful. It has been suggested 
by Glass(3), and by Huggins, ez al.(4), that 
the abnormal reactions in their series were 
dependent upon qualitative as well as quanti- 
tative disturbances in serum albumin. While 
this could likewise be true for the Bradosol 
reaction, the work of Mayer(1) indicates that 
the globulin and fibrinogen components of the 
serum proteins may be specifically implicated 


4. Huggins, C., Miller, G. N., Jensen, E. V., Cancer 
Research, 1949, v9, March. 
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as the disturbed serum constituents upon 
which the positive Bradosol test is dependent. 
This possibility is further suggested by the 
above mentioned variation in results obtained 
in cirrhosis and nephrosis. In both of these 
diseases a gross alteration of total serum pro- 
teins exists, with the common finding of a low 
albumin level. Despite this fact, the serum 
protein precipitation, as demonstrated by the 
Bradosol reaction, revealed that only 1 out 
of 13 of the cirrhotics_tested was positive 
while 4 out of 5 cases of nephrosis gave a posi- 
tive reaction. It thus seems likely that fac- 
tors other than quantitative variations in the 
serum albumin level are responsible for the 
positive Bradosol reaction. 

The precipitation of blood sera with catio- 
nic detergents would thus appear to be an- 
other of the group of non-specific tests which 
have been described in recent years. This 


Effect of Aureomycin on Liver Fat and Liver Function. 


AUREOMYCIN ON Liver Fat AND Liver FUNCTION 


group includes the thermal coagulation test 
of Mayer(2) and the iodoacetate index of 
Huggins(4) which demonstrate a definite 
alteration from the normal pattern in malig- 
nancy as well as in an appreciable percentage 
of non-malignant disease. Some evidence 
was noted during this work, as indicated by 
the previously mentioned cases with a varying 
Bradosol reaction, to suggest the use of this 
test as a prognostic guide to the progression 
or regression of malignant disease. This pos- 
sibility is at present the subject of further 
investigation. 

Summary. 1. The sera of 234 subjects 
were tested with Bradosol, a total of 294 tests 
being carried out. 2. A significantly greater 
percentage of positive reactions was noted in 
malignancy than in non-malignant disease. 


Received May 21, 1951. P.S.E.B.M., 1951, v77. 
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D. A. SUTHERLAND, J. D. MANN, B. Gicks, AND D. SELIGSON. 
(Introduced by Paul Gyorgy.) 


From the Department of Hepatic and Metabolic Diseases, Army Medical Service Graduate School, 
Army Medical Center, Washington, D. C. 


Recent observations(1-2) indicate that 
some patients given aureomycin or terramycin 
developed fatty liver. This was associated 
with an increase in bromsulphthalein reten- 
tion in some cases. The following experi- 
ments represent attempts to study this phe- 
nomenon. 

Methods. Aureomycin was administered to 
mongrel dogs, Sprague-Dawley rats and hu- 
mans in the manner and dose indicated in 
Table I. Serial data from dogs and humans 
fed aureomycin were compared to pre-treat- 
ment data. Rats fed or injected aureomycin 
were compared with pair-fed or pair-injected 
(saline) animals. Rats and dogs were con- 
tinued on commercial rations and humans on 


1. Sborov, V., and Sutherland, D. S., to be pub- 
lished. 

2. Yesner, R., and Kunkel, P., Yale J. Biol. and 
Med., 1951, v23, 299. 


their usual diet. Histological studies includ- 
ing fat stains were made of liver tissue from 
needle biopsies(3) of dogs and _necropsies 
from rats. Liver fat in rats was also deter- 
mined chemically(4). The following liver 
function tests were performed on dogs and 
humans at weekly intervals: bromsulphthalein 
retention(5), serum bilirubin(6), thymol tur- 
bidity(7) and zinc sulfate turbidity(8). In 


3. Zimmerman, H. A., Personal communication. 

4. van de Kamer, J. H., ten Bokkel Huinink and 
H.-A. Weyers, J. Biol. Chem., 1948, v177, 347. 

5. Rosenthal, S. M., and White, E. C., J.A.M.A., 
1925, v84, 1112. 

6. Ducci, H., and Watson, C. J., J. Clin. and Lab. 
Med., 1945, v30, 293. : 

7. Maclagan, N. F., Brit. J. Exp. Path., 1944, v25, 
234, 

8. Kunkel, H. G., Proc. Soc. Exp. Brot. AND Mep., 
1947, v66, 217. : 
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TABLE I. Effect of Aureomycin on BSP Excretion and Fat Content of Liver in Normal Rats, 
Dogs, and Human Subjects. 


Route of Increase Increase in Liver fat % 

: Dose/ —_ adminis- Treatment in BSP liver fat by wt chem- 

Subject No. day tration (days) retention histologically ical analysis 
Dogs 4 lg Oral 30) 0 0 = 
Rats 6 0 Saline IP 28 — Control — 
6 2mg ine 28 == 0 = 
6 5 A 28 = 0 Sa 
6 10 Ms 28 -- — — 

25 ‘On Oral 30, 60, 70T — Control 13.9 + 1.1} 

5 25 25 = 30, 60, 70t = 0 ale scie cid ay 
Humans 3 2¢ ee 30 0 Bs a 


* Control animals pair-fed. 


t+ 5 animals of each group sacrificed at 30 days, 15 at 60 


t Mean + std dev. 


addition, cephalin cholesterol flocculation (9) 
and gamma globulin turbidity(10) tests were 
done on humans. 

Results, (Table 1). There were no signifi- 
cant changes in liver fat of dogs or rats as 
measured histologically and/or chemically 
after aureomycin administration for as long 
as 70 days. Two g aureomycin taken orally 
by three healthy young men for 30 days pro- 
duced no changes in liver function tests in 
2 subjects. One individual showed a change 
in bromsulphthalein retention from control 
values of 2% to 6% during therapy. This 
was not considered significant. There were 
no changes in the other tests done in this 
subject. 


Comment. Dowling, e¢ al.(11) observed 


9. Hanger, F. M., J. Clin. Invest., 1939, v18, 261. 

10. DeLaHuerga, J., and Popper, H., J. Clin. and 
Lab. Med., 1950, v35, 459. 

11. Dowling, H. F., et al., Personal communication. 


Inhibition of Pantothenate Synthesis by Streptomycin.* 


days, 5 at 70 days. 


increased liver fat and even death in some 
animals treated with large amounts of aureo- 
mycin. Gyorgy, e¢ al.,(12) has demonstrated 
that aureomycin actually prevents fatty liver 
and prolongs the survival of rats fed diets low 
in choline or methionine. On the other hand, 
clinical studies(1,2) indicate that some pa- 
tients with hepatic disease or serious infec- 
tions develop fatty liver after aureomycin 
administration, despite adequate diets. It is 
the purpose of this report to point out that 
these various effects were not obtained in 
normal dogs and rats maintained on adequate 
diets with levels of aureomycin dosage ap- 
proximating the therapeutic range, and that 
no liver function test abnormalities developed 
in normal humans. 


12. Gyorgy, P., Stokes, J., and Goldblatt, H., Tr. 
Am. Assn. Phys., In press. 


Received June 13, 1951. P.S.E.B.M., 1951, v77. 
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HERMAN C. LICHSTEIN AND RoBertT F. GILFILLAN. 


From the Department of Bacteriology and Immunology, University of Minnesota, Minneapolis. 


During the past few years the mode of 
action of streptomycin has been studied by 
several groups. Thus, Umbreit(1), and 


Oginsky et al.(2) reported that streptomycin 
specifically inhibits an oxidative reaction, ap- 
parently the “oxalacetate-pyruvate” conden- 


* This investigation was supported in part by RG 
2916 from the National Institutes of Health, Public 
Health Service. 


1. Umbreit, W. W., J. Biol. Chem., 1949, v177, 703. 
2. Oginsky, E. L., Smith, P. H., and Umbreit, W. 
W., J. Bact., 1949, v58, 747. 
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TABLE I. Growth Response of S. fragilis to p-alanine, Pantoyl Lactone Plus g-alanine, and 
Pantothenic Acid in the Presence and Absence of Streptomycin. 


B- Pantoyl Pantothenic -—Concentration of streptomycin (mg )—, 
alanine (yg) lactonet (ug) acid (ug) 0 A) 75 1 2 
0 0 0 20* 25 20 34 30 
al 0 0 rat 24 20 30 29 
2 0 0 44 56 32 54, 30 
3 0 0 90 108 70 70 42 
4 0 0 174 198 101 78 == 96) 
5 0 0 263 232 131 80 70 
6 0 0 284 "260 13 8 85 12 
0 0 025 31 32 34 
0 0 .05- 52 38 40) 
0 0 .075 78 63 67 
0 0 ok 137 132 120 
0 0 25 200 240 219 
0 0 3) 262 2:60 257 
0 0 5 280 274 261 
1 ] 0 34 32 41 
2 2 0 48 32 47 
3 3 0 112 38 54 
4 4 0 180 52 60 
5 5 0 270 68 78 
6 6 0 280 72 70 


* Figures given are turbidity readings after 24 hr growth at 30°C. Concentrations are for 


5.5 ml culture medium. 


+ Kindly supplied by Merck and Co., Rahway, N. J. 


sation, which prevents a variety of substances 
from entering the terminal respiration sys- 
tem. Fitzgerald and Bernheim(3) presented 
data suggesting that this antibiotic inhibits 
the formation of adaptive enzymes, specific- 
ally the adaptive formation of a benzoic acid 
oxidase in Mycobacterium lacticola. More 
recently, Zeller et al.(4) showed that strepto- 
mycin inhibited the diamine oxidase reaction 
of Mycobacterium smegmatis, while Barkulis 
(5) reported that dihydrostreptomycin in- 
hibits the formation of acetate and formate 
and metabolic CO, under anaerobic condi- 
tions in Escherichia coli. 

The present paper is concerned with the 
synthesis of pantothenic acid by yeast, and 
the apparent inhibition of this synthesis by 
streptomycin. 

Materials and methods. The organism em- 
ployed was Saccharomyces fragilis (ATCC 
No. 2360). The response to beta-alanine and 
pantothenic acid was determined using the 
medium of Billen and Lichstein(6) modified 


3. Fitzgerald, R. J., and Bernheim, F., J. Bact., 
1948, v55, 765. 

4. Zeller, E. A., Owen, C. A., Jr., and Karlson, A. 
G., J. Biol. Chem., 1951, v188, 623. 

5; Barkulis, I. L.; /. ‘Bact. 1951, v6l, 375. 


so that it contained 1% acid-hydrolyzed 
vitamin-free casein (Nutritional Biochemicals 
Corp.). The techniques for assay were those 
already described(6) except that a total 
volume of 5.5 ml was employed. Streptomy- 
cin (calcium chloride complex-Merck or 
streptomycin sulfate-Squibb) was added 
aseptically to the medium in the desired con- 
centrations. The assay tubes were incubated 
at 30°C, and growth determined after 24 
hours by turbidity readings in a Klett-Sum- 
merson photoelectric colorimeter. 

Results. It may be noted from the data 
given in Table I that streptomycin exerts a 
marked inhibitory effect on the growth of 
S. fragilis when this organism is grown in a 
synthetic medium containing beta-alanine as 
the precursor for pantothenate. In contrast, 
however, no effect on growth is obtained when 
streptomycin is incorporated into media con- 
taining preformed pantothenic acid. The 
concentration of streptomycin required is 
probably a reflection of the general resistance 
of yeast cells to this antibiotic and is pos- 
sibly due to the relative impermeability of the 
cell to this compound. The data are repre- 


6. Billen, D., and Lichstein, H. C., J. Bact., 1949, 
v58, 215. 
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sentative of several experiments, and suggest 
that this antibiotic may inhibit the synthesis 
of pantothenate from beta-alanine. 


Although it is probable that sufficient pan- 
toyl lactone was synthesized by this organ- 
ism, since growth proceeded normally when 
beta-alanine was the only addition to the 
medium, it was considered advisable to test 
the effect of streptomycin on the growth of 
this organism in the presence of both por- 
_ tions of the pantothenic acid molecule, as 
well as beta-alanine and pantothenic acid 
separately. Pantoyl lactone itself will not 
support the growth of this organism. The 
results of such experiments (Table I) suggest 
that the site of action of streptomycin in this 
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system may be the inhibition of the coupling 
of beta-alanine and pantoyl lactone to form 
pantothenic acid. Although this conclusion 
appears reasonable on the basis of the growth 
studies presented, other possibilities exist. No 
definite conclusion can therefore be made 
until similar studies are carried out with rest- 
ing cell suspensions or cell-free systems. 

Summary. The results of studies on the 
growth response of S. fragilis to pantothenic 
acid and its precursors, befa-alanine and 
pantoyl lactone, in the presence of strepto- 
mycin, are interpreted to suggest that this 
antibiotic somehow interferes with the syn- 
thesis of pantothenate. 
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From the Department of Medicine, Duke University School of Medicine, Durham, N. C. 


Although previous investigations of the 
effect of repeatedly eliciting the Shwartzman 
reaction had been somewhat contradictory, 
Beeson(1) showed clearly that if the reaction 
is produced at 2-day intervals, successive 
lesions diminish in intensity and animals be- 
come completely non-reactive. ‘This state of 
resistance was abolished by the injection of 
thorotrast. The experiments reported here 
were designed to further elucidate this type of 
resistance to the Shwartzman phenomenon. 

Experimental methods. White male rabbits 
of mixed breed weighing 2000 to 3000 g were 
used. The materials employed to elicit the 
reaction were the P-25 polysaccharide from 
Serratia marcescens (obtained from Dr. M. J. 
Shear) and meningococcus culture filtrate 
(prepared by Dr. B. Black-Schaffer). The 
dosage of P-25 was 0.05 mg in 0.5 ml physio- 
logic saline intracutaneously for preparation 
and 0.1 mg in 1.0 ml intravenously. In some 


* This work was supported by the Anna H. Hanes 
Memorial Fund. 

1. Beeson, P. B., Proc. Soc. Exp. Brot. anp MeEp., 
1947, v64, 146. 


experiments these amounts were doubled, the 
injected volume remaining the same. Menin- 
gococcus filtrate was diluted 1:10 with physio- 
logic saline; 0.2 ml of this material was used 
for skin preparation and 0.5 ml intravenously. 
With this dosage about 80% of animals tested 
showed typical hemorrhagic lesions. The in- 
travenous ‘‘provocative” injection was given 
24 hours after skin preparation and the result- 
ing skin lesions were noted and recorded 24 
hours later. The presence of hemorrhage was 
the only criterion used for recording the re- 
action as positive. In addition to the above 
materials, purified typhoid antigen (obtained 
from Dr. H. R. Morgan), which is also capa- 
ble of eliciting the Shwartzman reaction was 
used. When multiple skin injections were 
given, the first was made in the right upper 
quadrant of the abdomen, the second in the 
left upper quadrant, the third on the right 
just caudal to the first, etc., alternating sides 
of the abdomen and moving the sites pos- 
teriorly. Hair was removed with electric 
clippers immediately prior to injection. For 
passive transfer experiments, blood was ob- 
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TABLE I. Animals 1-4 Given Repeated Preparatory and Provocative Injections Developed 


Nion-Reactivity by Eighth Day While Control Animals 5-8 Had Typ 


ical Hemorrhagic Lesions 


When Retested on Tenth Day. After rest period of 21 days, all animals had positive reactions. 
SSS ooooooEoEoEoESEaSaSaaaSapaSaESESaoaoaoaeeeeee eee See ee 


Day 1 2 3 Les, 62 8 9 40 reat ae 
Animal 1 Stas hh REE aS mS Pelee os tba De g pe 
2 G26 Pa 1G) eh eae eatin Pon Aon eae 6 SaBer 

3 So ak A Rg ee amiga ter Be nM yaa § Pe 

4 Rie or ene hha eh ayes OR aie Raney 2 RANE Sy gtd Gi ape 

5 SroPpt Si. Bae 9 "Dee 

6 8 Pa Supe Spee 

7 oh Da Si B-E Si SB 

8 1. ips TS Pa Si. yee 


S, .2 ml meningoeoecus filtrate intracut. P 


hemorrhage. —, no hemorrhage. 


tained by cardiac puncture, allowed to clot in 
sterile containers and after centrifugation 
serum was separated and stored at 4°C. The 
longest interval between bleeding and the use 
of a serum was 12 days. 

Preliminary studies, an example of which 
is illustrated in Table I, confirmed Beeson’s 
finding that animals subjected to repeated re- 
actions on alternate days become non-reactive. 
It was found in this experiment that resistance 
disappeared after a rest period of 21-28 days. 

Effect of repeated skin or intravenous in- 
jections only. To determine if resistance was 
dependent upon the development of typical 
skin lesions the following experiment was 
done. Sixteen animals, each of which had 
demonstrated a positive skin reaction with 
P-25, were divided into groups of 4 and 
treated as follows: Group A received repeated 
skin and intravenous injections of P-25 on 
alternate days; Group B received intravenous 
injections only on alternate days; Group C 
received skin injections only on alternate 
days; and Group D served as controls, re- 
maining untreated. Group A developed le- 
sions of diminishing severity and by the 
fourth set of injections (eighth day) failed to 
react. Groups B, C, and D were then re- 
tested. Lesions appeared only in the controls, 
animals of Group D. Animals of Groups A, 
B, and C recovered reactivity after a rest 
period of 21 days. ‘Table II illustrates this 
study. This experiment was repeated using 
meningococcus filtrate with similar results, 
with the single exception that one of the ani- 
mals given only intradermal injections showed 
skin hemorrhage when retested. 


? 


5 ml meningococeus filtrate intraven. +, skin 


To evaluate 'the importance of the route of 
administration of the materials, 6 animals 
made resistant by repeated intradermal in- 
jections of meningococcal filtrate were re- 
tested as follows: 2 were prepared with 5 
‘times the usual intracutaneous dose (0.2 ml 
of 1:2 dilution) and given the usual intra- 
venous dose 24 hours later; 2 were prepared 
with the usual intracutaneous dose and given 
5 times the usual intravenous dose (0.5 ml of 
1:2 dilution) 24 hours later; and 2 were pre- 
pared with 5 times the usual skin dose and 
given 5 times the usual provocative dose 24 
hours later. Positive reactions appeared in 
the 4 animals given the largest provocative 
injection; increasing the preparatory dose had 
no apparent effect in overcoming the resist- 
ance produced by repeated intracutaneous in- 
jections. Table III illustrates this experi- 
ment. Similar results were obtained in ani- 
mals made resistant by repeated intravenous 
injections, namely, the non-reactivity could 
be overcome by employing large intravenous 
doses but not by increasing the intracutaneous 
injections. Finally, it was found that animals 
repeatedly given P-25 or meningococcus fil- 
trate intravenously or intramuscularly in the 
dosage ordinarily employed for the skin in- 
jections developed resistance as promptly as 
animals given the full provocative dose. 

Reactivity to heterologous materials. Four 
animals made resistant by repeated reactions 
to P-25 were tested with meningococcus fil- 
trate; no lesions appeared. After a rest period 
of 21 days, all 4 rabbits exhibited large areas 
of skin hemorrhage when again tested with 
meningococcal filtrate. In a similar experi- 
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' TABLE II. Development of Non-Reactivity in Animals Given Repeated Reactions (A1-4), 
Repeated Intraven. Injections (B1-4), or Repeated Intracut. Injections (Cl-4) with Persistence 
of Reactivity in Untreated Controls (D1-4). All animals gave positive reactions when tested 
after 211 day rest period. 


Day 1 2 3 4 5 6 7 8 9 10 rest 3k 382 
Animal Al S P+ S P+ S20 PSS Pa SS P= S P+ 
A2 S P+ S P+ Ss P+ S P— S P— S P+ 
A3 S P+ Ss P+ Sie Pa Ste b= eS P= S P+ 
A4 S P+ S P+ Ss. P— 8s P— S$ P— S P+ 
Bl S P+. P P Ae Ss P— S. -P-+- 
B2 Ss P+ IE P Ss P— Ss P+ 
B3 S P+ iB 12 Ss P— S P+ 
B4 S P+ Pp P— RP 8 P-- Ss P+ 
Cl Ss P+ S Ss S Ss PH Ss P+ 
C2 S P+ S S) iS) Ss P— S P+ 
C3 Ss P+ iS) S S Ss P— S P+ 
C4 Ss P+ iS) 8 iS) Ss P— S P+ 
D1 S P+ Ss P+ S: P+ 
D2 Ss P+ S P+ S P+ 
D3 Ss P+ S P+ Ss P+ 
D4 Ss. P+ S. P+ S P+ 


S, .05 mg P-25 in .5 ml physiologic saline intracut. 
—, no hemorrhage. 


saline intraven. +, skin hemorrhage. 


P, .10 mg P-25 in 1.0 ml physiologic 


TABLE III. Development of Non-Reactivity with Repeated Elicitation of Shwartzman Ke- 
action and Effect of Increasing Provocative Dose in Overcoming This Resistance. Increasing 
preparatory dose was ineffective in restoring reactivity. 


Day 1 2 3 4 5 6 i 8 CRY rime 8 12 
re ee eee ae oer as: Pe ea PR PH BG RE 
ee ee ee ae rs pe SP. gg PLS 

ee ee OP irre eM peew Go pe gp og PP+ 

or te ee Peas) Rie go pe Go PL}. g PP+ 

eee eee te Pe eps 6g | Pp) gg. PPE 

Pe oe ae eee Pee oe Pt |g PL Ugg) PP+ 


S, .2 ml 1:10 meningococeus filtrate intracut. 


SS, .2 ml 1:2 meningococeus filtrate intracut. 
+, skin hemorrhage. —, no hemorrhage. 


ment, animals rendered non-reactive to menin- 
gococcus filtrate failed to react to P-25; after 
a rest period of 24 days, however, typical 
lesions were elicited with the polysaccharide. 
Eight animals were given daily intravenous 
injections of increasing amounts of typhoid 
somatic antigen for 6 days (10, 20, 40, 100, 
200, 400 ). Four animals were tested on the 
eighth and ninth days with P-25 and 4 with 
meningococcus filtrate; no lesions appeared. 
Failure of passive transfer by serum. Ani- 
mals rendered non-reactive by repeated elici- 
tation of the Shwartzman phenomenon at 2- 
day intervals were bled as soon as they failed 
to respond and attempts were made to transfer 
resistance passively to normal animals. In 
none of the experiments was the reaction abol- 
ished by serum transfer, nor was there any 
inactivation of the reacting material in vitro 


P, 6 ml 1:10 meningococcus filtrate intraven. 


PP, .5 ml 1:2 meningococcus filtrate intraven. 


mixing with serum. These experiments may 
be summarized briefly. In each case, the 
serum was from an animal resistant to the re- 
acting material used. 1. Three animals given 
5.0 ml of serum intravenously before the pre- 
paratory injection reacted with typical skin 
lesions to P-25. Similarly 5.0 ml of serum 
given immediately before skin preparation 
failed to protect 3 animals against meningo- 
coccal filtrate. 2. The intravenous injection 
of 10.0 ml of serum 30 minutes before the 
intravenous injection of P-25 in 4 rabbits and 
meningococcus filtrate in 4 rabbits did not 
prevent the development of skin hemorrhage. 
3. The potency of P-25 and of meningococcus 
filtrate as skin preparatory or intravenous 
provocative agents was unimpaired by mix- 
ture with serum, whether injected imme- 
diately after mixing or after incubation for 6 
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hours at 37°C. This experiment was per- 
formed twice, employing groups of 4 animals 
for each agent. 


Summary and conclusions. 1. The resist- 
ance to the Shwartzman phenomenon which 
develops when the reaction is elicited at short 
intervals is transient, disappearing after a 
rest period of 21-28 days. 2. This resistance 
was found to be effective against Shwartzman 
active materials from heterologous bacterial 
species. 3. It was found that a transient state 
of non-reactivity could be produced by re- 
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peated inoculation of bacterial substances in- 
tracutaneously, intravenously or intramuscu- 
larly, evidence that the resistance is not de- 
pendent on the development of skin hemor- 
rhage. 4. The resistance which develops by 
repetitive injections could be overcome by in- 


creasing the provocative intravenous dose but 


not by increasing the preparatory intracu- 
taneous' dose. 5. Attempts to transfer this 
resistance passively with homologous serum 
were unsuccessful. 


Received May 17, 1951. P.S.E.B.M., 1951, v77. 


Effect of Oral Thiamine Administration on Thiamine Content of the Stool.* 


(18815) 


JoHN EsBEN Kirk AND MARGARET CHIEFFI. 


(Introduced by R. E. Shank.) 
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City Infirmary Hospital, St. Louis, Mo. 


The present investigation was undertaken 
with the purpose of establishing to what ex- 
tent thiamine is lost in the stool in young and 
old individuals when this vitamin is given by 
mouth in therapeutic doses, Previous studies 
(1-5) have shown ithat subjects on an or- 
dinary diet with a thiamine content of about 
1.5 mg usually excrete between 0.4 and 1.0 
mg of thiamine daily in the stool. According 
to Alexander and Landwehr(4) about half of 
the fecal thiamine exists inside the bodies of 
the bacteria, whereas the remaining half is 
filterable through a Seitz filter. Of the total 


* Vitamin studies in middle-aged and old indi- 
viduals VIII. Funds and material provided by 
Hoffmann-La Roche, Inc. 
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2. Youmans, J. B., Patton, E. W., Kennedy, A., 
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1940, v55, 141. 

3. Friedemann, T. E.,, Kmieciak, T. C., Keegan, P. 
K., and Sheft, B. B., Gastroenterology, 1948, vil, 
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4. Alexander, B., and Landwehr, G., J. Clin. In- 
vest., 1946, v25, 287. 

5. Denko, C. W., Grundy, W. E., Porter, J. W., 
Berryman, G. H., Friedemann, T. E., and Youmans, 
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thiamine in the stool 10-15% is present in a 
non-phosphorylated form, and 85-90% as 
cocarboxylase. As shown by Najjar and 
Holt(6) individuals on a thiamine-free diet 
will also excrete thiamine in their stools. 
That the thiamine found under these circum- 
stances is derived from bacterial synthesis is 
suggested by the observation that treatment 
with succinyl-sulfathiazole will reduce the 
thiamine content to zero. 

When thiamine is given by mouth in excess 
of the amount normally present in the diet a 
considerable part of the extra thiamine may 
be recovered from the stool. This increased 
excretion in the feces was first observed by 
Schultz and coworkers(1) and has later been 
confirmed by Youmans and his associates(2) 
and by Friedemann and his group(3). It 
was possible for Youmans to show that the 
large loss in the stool of administered thia- 
mine also occurred in patients suffering from 


‘thiamine deficiency. In the studies by Fried- 


emann and associates up to 30 mg of thiamine 
could be demonstrated in the stool with a 
daily thiamine supplementation of 40 mg, or, 
in other words, three-fourths of the thiamine 


6. Najjar, V. A., and Holt, L. E,, J.A.M.A., 1943, 
v123, 683. 
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given by mouth was lost in the stool. 
Experimental. In the present investigation 
the thiamine content of the stool was deter- 
mined in 12 younger individuals and in 21 old 
subjects, none of whom presented signs of 
gastrointestinal disease. The thiamine was 
determined by Hennessy and Cerecedo’s(7) 
method in the modification of Friedemann 
and Kmieciak(8), which measures the total 
thiamine fluorometrically in the form of thio- 
chrome. The prepared diet of the patients 
was found on analysis to contain an average 
of 1.5 mg thiamine daily. After the thiamine 
excretion in the stool on the unsupplemented 
diet had been determined, one tablet of 5 mg 
thiamine hydrochloride was given daily by 
mouth under supervision, and after a 4-week 
period of treatment the determination was re- 
peated. Assays on the stool were finally 
made again 2 to 3 weeks after the discon- 
tinuation of the thiamine administration. 
Results. The results of these studies are 
presented in Fig. 1, in which the values are 
expressed per 100 g of wet stool. It will be 
seen that the thiamine content of the stool 
both in the young and the old subjects in- 
creases considerably following the daily intake 
of 5 mg of thiamine, and that the excretion 


THIAMINE CONTENT OF 100 GRAMS OF FRESH STOOL BEFORE, DURING AND AFTER 
hee OF 5 MILLIGRAMS OF THIAMINE DAILY IN12 YOUNG ANO 21 0LO 
INDIVIDUALS 
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MG THIAMINE PER 100 GM- OF STOOL 
S 


12 YOUNG INDIVIDUALS 


2! OLD INDIVIDUALS 

FIG. 1. The columns represent mg thiamine 

per 100 g of wet stool. The corresponding values 

expressed per 100 g of dry stool are 3.0, 9.2 and 

4.3 mg respectively mm the young individuals, and 
1.2, 6.8 and 1.6 mg in the old subjects. 
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returns to the original level after the thiamine 
supplementation has been discontinued. If 
the mean daily volume of the stool is esti- 
mated to 150 g it will be noted that an amount 
of thiamine corresponding to %4 to 34 of the 
dose given in tablet form is recovered in the 
stool. The lower excretion values observed 
in the aged patients are probably conditioned 
by a greater destruction of thiamine in the 
upper sections of the gastrointestinal tract. 

In view of the rather low absorption of 
thiamine from the intestine the question arises 
if such low absorption may be the cause of 
development of moderate thiamine deficiency, 
occasionally observed on diets considered ade- 
quate with regard to thiamine content(9). 
In order to elucidate this problem a compari- 
son was made of the fecal excretion of thia- 
mine in 24 thiamine deficient and 20 non- 
deficient old patients receiving an unsupple- 
mented diet with a thiamine content of 1.5 mg 
daily. The thiamine blood values of the de- 
ficient group were below 2.0 wg %, of the 
normal group between 2.5 and 6.0 ug %. The 
results of the stool assays showed only a 
slightly higher mean fecal thiamine excretion 
in the patients with low blood values (340 
mg per 100 g wet stool, 1640 pg per 100 g dry 
stool) than in the individuals having a normal 
blood thiamine content (285 ug per 100 g wet 
stool, 1285 wg per 100 g dry stool). 

It is important to point out from a thera- 
peutic aspect that in spite of the large loss of 
thiamine in the stool observed during treat- 
ment with thiamine by mouth, the supple- 
mentation with 5 mg of thiamine hydro- 
chloride daily to thiamine deficient old pa- 
tients resulted in an increase of the blood 
thiamine values to a normal level. Thus it 
was found(10) in observations on 20 patients, © 
that such treatment, maintained for 4 weeks, 
sufficed to elevate the mean blood thiamine 
concentration from 1.8 to 4.0 ng % and to 
cause a marked improvement of various de- 
ficiency signs present. Notwithstanding these 
therapeutic results it would seem advisable in 
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view of the large fecal thiamine loss encoun- 
tered during oral thiamine treatment to ad- 
minister the vitamin parenterally. in those in- 
stances in which a rapid restoration of the 
blood thiamine level is desired. 


It has not yet been established whether the 
excess thiamine observed in the stool after 
intake of commercial thiamine tablets is 
present in the bacteria or in the other fecal 
constituents; observations concerning _ this 
point would probably yield information of 
value. Thus if it can be shown that the ex- 
cess thiamine in the stool under these condi- 
tions is non-filterable, this would suggest that 
the vitamin is incorporated in the bacteria 
and would presumably indicate that the in- 
testinal bacteria had stolen the ingested thia- 
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mine. If on the other hand the thiamine can 
be recovered in the Seitz filtrate of the stool 
such finding would support the contention, 
recently proposed by Friedemann and _ his 
associates(3), that the intestine possesses a 
specific barrier against the absorption of 
thiamine. 

Summary. The daily oral administration 
of 5 mg'of thiamine hydrochloride in tablet 
form to 12-young and 21 old individuals was 
followed by an increase of the fecal thiamine 
excretion corresponding to one-half to three- 
fourths of the thiamine dose given. The fecal 
excretion of thiamine returned to the original 
level after the thiamine supplementation had 
been discontinued. 
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Chief among the outstanding problems in 
clinical endocrinology is that concerned with 
the separation and quantitative estimation of 
the 3 natural estrogens. With the publication 
of Boldingh’s(1) method for the use of rubber 
columns for the chromatographic separation 
of fatty acids it occurred to us that this 
technic might be adaptable to the foregoing 
problem. This communication consists of a 
report on the successful adaptation of rubber 
columns to the chromatographic separation of 
the steroids in question. 

Physical characteristics of the column. The 
chromatographic tubes are 8 mm internal 
diameter and at least 20 cm in length. A 
short tip of approximately 3 mm diameter at 
the base of the tube is equipped with a piece 


* These studies were supported by a grant from 
the California State Department of Mental Hygiene, 
Langley Porter Clinic. We are indebted also to Ciba 
Pharmaceutical Products for estradiol and estrone, 
and to Parke, Davis and Co. for estriol. 

1. Boldingh, J., Rec. trav. chim., 1950, v69, 247. 


of surgical rubber tubing 14 inch I.D. The 
flow of liquid through this portion of the tube 
is controlled by a small screw clamp. Prepa- 
ration of the rubber. Pulverized mealorub 
rubbery is extracted with acetone in a con- 
tinuous extractor for 24 hours. Thereafter, 
the rubber is air dried, moistened with meth- 
anol and ground in a mortar. It is then trans- 
ferred to a 20-mesh sieve which is immersed 
in methanol. The particles which pass through 
the sieve are washed with the latter solvent 
and stored under it until used for chromato- 
graphy. 


Preparation of the column. Rubber columns 
are prepared in duplicate. These consist of a 
test column on which the estrogens are to be 
chromatogrammed and a blank control column 
through which only the solvents will be passed. 
The blank column which is submitted simul- 
taneously to the same chromatographic pro- 


t Vulcanized rubber powder obtained from An- 
dresen Corp., Chicago. j 
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TABLE I. Spectrophotometrically Determined Recovery of Chromatogrammed Hstrogens. 


% error for recovery of estrogens (400 wg each )——_, 
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Rubber Vol. of each Estriol Estradiol Estrone 
column solvent used, ml pg % error ug % error we % error 
1 20 370 — 8 393 —2 400 0 
2 434 + 9 41.7 +4 440 +10 
3 353 —12 378 —6 392 — 2 
4 356 —l1l1 389 —3 403 +1 
5 25 410 + 3 408 2 407 + 2 
6 440 +10 411 +3 384 —4 
7 420 + 5 424 +6 404 +1 
8 398 —/1 413 +3 387 — 3 


cedures as those employed for the test column, 
provides the values on the basis of which 
corrections are made for solvents, rubber, etc. 
1.6 g of rubber per column, prepared as de- 
scribed above, is shaken intermittently for 
5 minutes with 35 ml of 10% aqueous meth- 
anol (10 parts methanol with 90 parts water, 
v/v). The resulting suspension is filtered 
through a fine mesh screen, and the retained 
particles are resuspended in 70 ml of 10% 
aqueous methanol saturated with benzene.+ 
After adding 2 ml of benzene to this rubber 
suspension, and shaking the mixture inter- 
mittently for 5 minutes, it is poured slowly 
into the chromatographic tube. A glass bead 
resting on the constriction at the bottom of the 
tube allows the solvent to drain through the 
tube and at the same time prevents rubber 
particles from passing into the receiver. The 
rubber column is kept covered with solvent 
while it is being packed as well as during all 
of the succeeding elution procedures. As the 
rubber particles settle in the tube they are 
tamped gently with a stirring rod to insure 
their uniform packing. At this stage the 
rubber ordinarily fills the chromatographic 
tube to a height of about 12 to 13 cm. A glass 
wool plug is placed on the surface of the rub- 
ber column and then tamped with sufficient 
force to compress the column to a height of 
11.5 + 0.5 cm. The column is now drained 
until the surface of the solvent is just below 
the glass wool plug. The three estrogens, dis- 
solved in 0.2 ml of methanol, are discharged 
into the glass wool from a micro pipette. The 
column is again allowed to drain until the 
sample solution passes from the glass wool 
into the upper part of the rubber column. An 


+ Redistilled, thiophene-free. 


identical procedure is followed for the blank 
column, substituting 0.2 ml methanol for the 
sample solution. In addition to chromato- 
gramming the 3 estrogens as a mixture, they 
were also treated in the same manner indi- 
vidually. 


Selective elution of the column. It was 
found that the rubber columns, as defined, 
would handle 400 pg of each of the 3 crystal- 
line estrogens, i.e., a total of 1200 pg when 
these steroids were chromatogrammed as a 
mixture. These amounts are within the range 
of accurate determination spectrophotometri- 
cally(2). Twenty or 25 ml each of 20, 40 
and 60% aqueous methanol (v/v) were passed 
successively through the column (Table I) 
at a rate of 0.4 ml per minute at 25°C. The 
total volumes of aqueous methanol eluate were 
collected in 12 or 15 successive 5 ml frac- 
tions from the bottom of the column as it de- 
veloped. The number of fractions collected 
depended on the original total amount of the 
eluant. In the course of chromatogramming 
the mixture of the three crystalline estrogens, 
estriol is eluted by the first solvent passed 
through (20% aqueous methanol); estradiol 
by the second solvent (40% aqueous meth- 
anol) ; and estrone by the third solvent (60% 
aqueous methanol) when 20 ml of each solvent 
is used. The observations made as to the 
order of elution of the estrogens when they 
were chromatogrammed individually were con- 
firmed by subjecting these steroids to the 
color tests developed by Bachman(3), Szego 
and Samuels(4), and the Zimmermann as 
modified by Friedgood, et al.(5). When 25 ml 


2. Friedgood, H. B., Garst, J. B., and Haagen- 
Smit, A. J., J. Biol. Chem., 1948, v174, 523. 
3. Bachman, C., J. Biol. Chem., 1939, v131, 463. 
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FIG. 1. Corrected densities at 280 my for frac- 
tions obtained from chromatographic column No. 5 
(Table I). Each fraction represents 5 ml of eluant. 
I, 
Density = log — 


% 


20% MEOH 60% MEOH 


of each eluant is passed through the column, 
fractions 1 through 5 contain estriol; fractions 
6 through 9 contain estradiol, and fractions 10 
through 15 contain estrone. In order to de- 
termine the nature of the estrogen in fraction 
10 (Fig. 1), estrone and estradiol were chroma- 
togrammed separately. It was found that 
fraction 10 contains only estrone. This frac- 
tion was therefore grouped with fractions 11 
through 15, containing the major part of this 
estrogen. In view of the fact that crystalline 
estrogens are more soluble in 80% aqueous 
methanol ithan in 20, 40 or 60% concentra- 
tions, the columns were treated subsequently 
with 80% aqueous methanol in an attempt to 
determine whether or not a measurable quan- 
tity of estrogen remained uneluted. Within a 
few minutes after the addition of the 80% 
aqueous methanol, the rubber contracted 
visibly, coincidentally with the release of the 
bound benzene in the column. Spectrophoto- 
metric analysis of the eluate that was col- 
lected before and after contraction of the 
column failed to disclose a measurable quan- 
tity of any of the 3 estrogens. 


4. Szego, C. M., and Samuels, L. T., J. Biol. Chem., 
1943, v151, 587. 

5. Friedgood, H. B., and Whidden, 
Endocrinology, 1940, v27, 249. 
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CHROMATOGRAPHIC SEPARATION OF ESTRONE, ESTRADIOL, ESTRIOL 


Analysis of eluted fractions. Each of the 
foregoing 12 or 15 fractions was taken to dry- 
ness and dissolved in 4 ml 95% ethanol. The 
ultraviolet absorption of each fraction was 
determined at 280 mp in a Beckman spectro- 
photometer. These values are shown in Fig. 


land 2. Table I shows the per cent error for 
the recovery as determined by spectrophoto- 


metric analysis of the 3 estrogens eluted from 
rubber columns. as described above. It is 
clear from these data that known amounts of 
a mixture of the three natural estrogens can 
be separated sharply from each other and 
estimated quantitatively within an experi- 
mental error of approximately + 10%. These 
data have demonstrated, moreover, that one 
can determine the identity of an unknown 
estrogen by the concentration of the aqueous 
methanol which will remove it from a rubber 
column, 


It should be noted that the use of the rubber 
column described above is not limited to the 
amount of estrogenic material employed in the 
present investigation. The accuracy with which 
various amounts of estrogens can be recovered 
from these columns and determined quantita- 
tively will be dependent largely on the accu- 
racy and sensitivity of the assay method em- 
ployed. This chromatographic procedure can 
be applied to the separation of both larger and 
smaller quantities of estrogen by appropriately 
varying the amounts of rubber and solvent 
employed. 


IESTRIOL 
MEESTRADIOL 
NIESTRONE 


DENSITY 


2 ©) 
20% MEOH 40% MEOH--60% MEOH 
FRACTIONS 


FIG. 2. Corrected densities at 280 my for frac- 
tions obtained from chromatographic column No. 1 
(Table I). Each fraction represents 5 ml of eluant. 


Non-SPECIFIC AGGLUTINATING 


Summary. A column of pulverized Meal- 
orub rubber has been adapted successfully to 
the quantitatively accurate chromatographic 
separation of a mixture of crystalline estrone, 
estradiol and estriol. When 20 ml each of 
20, 40 and 60% aqueous methanol (v/v) are 
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passed successively through the column, 
estriol is eluted by the 20%; estradiol by the 
40%, and estrone by the 60% concentration 
of methanol. 
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A Non-specific Brucella Agglutinating Substance in Bovine Serum.*t (18817) 


WiiiiAm R. Hess? anp Martin H. Roepke. 


From the Division of Veterinary Medicine, University of Minnesota, St. Paul. 


In evaluating the results of the serum ag- 
glutination test for brucellosis in cattle, ani- 
mals with titers ranging from incomplete ag- 
glutination at the 1:50 dilution to incomplete 
at 1:100 are designated as suspects, and herds 
containing one or more such animals, with all 
other animals negative to the test, are consid- 
ered as suspicious or suspect herds. Animals 
with higher titers are considered infected and 
are designated as reactors. In a brucellosis 
control plan in Minnesota which is based on 
county areas and requires periodic testing of 
all the cattle in the controlled counties, a ratio 
of approximately two suspect herds to three 
reactor herds is usually disclosed. In counties 
where the percent of infection is very low, the 
number of suspect herds may exceed appre- 
ciably the number of reactor herds. More- 
over, the majority of suspicious herds are so 
classified because of the presence of a single 
suspect animal. These observations coupled 
with the fact that approximately 85% of the 
animals displaying suspicious titers in suspect 
herds are found to be negative to subsequent 
retests have suggested that non-specific ag- 
glutinins may be responsible for a large por- 
tion of these reactions. 


* Paper No. 2296—Scientific Journal Series, Minn. 
Agric. Exp. Station, University of Minnesota. 

| These studies were made possible by a grant from 
the Bureau of Animal Industry, U. S. Department of 
Agriculture. 

+ Part of thesis submitted by Mr. Hess to the 
Faculty of the Graduate School of the University of 
Minnesota in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in Bacteriology 
and Immunology. 


In the course of trying to demonstrate non- 
specific agglutinins for Brucella a filter paper 
chromatographic technic was devised that 
made possible the detection of an agglutinat- 
ing substance capable of reacting with Bru- 
cella test antigen but differimg markedly from 
specific or high-titered agglutinins in its af- 
finity for adsorption on cellulose. The test 
was based on two recently published observa~ 
tions; first, Franklin and Quastel(1) showed 
that certain proteins together in solution could 
be separated by filter paper chromatography 
when the proper developing solution and a 
means of localization of the fractions were 
employed; and second, Castaneda(2) ob- 
served that Brucella agglutinating serums 
were capable of fixing a stained Brucella an- 
tigen to the surface of filter paper. 


Materials and methods. Filter paper. The 
paper used in this test was S & S 589, White 
Ribbon. It was cut in strips 3% inches long 
and 34 of an inch in width. Developing solu- 
tion. The solution found to give the best re- 
sults was potassium acid phthalate (0.05 M) 
adjusted to pH 6.2 with sodium hydroxide. 
Antigen. A hematoxylin-stained Brucella an- 
tigen prepared according to the method of 
Roepke(3) for use in the milk and cream ring 
test was used exclusively in the test. The 
antigen was found to give better results if the 


1. Franklin, A. E., and Quastel, J. H., Science, 1949, 
vll0, 447. 

2. Castaneda, M. R., Proc. Soc. Exp. BroL. AND 
Mep., 1950, v73, 46. 

3. Roepke, M. H., Brucellosis, A.A.A.S., Washing- 
ton, D. C., pp. 127, 1950. 
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Non-sPEcIFIC AGGLUTINATING SUBSTANCE IN BOVINE SERUM 


FIG. 1. Chromatographic tests for specific and non-specific Brucella age 


RK 


lutinating materials in 


bovine serum. No. 1 negative, No. 2 and 3 specific reactions, No. 4 and 5 non-specific reactions 
and No. 6 and 7 mixed reactions. 


glycerin was removed by washing with saline 
in the centrifuge and resuspending to the orig- 
inal concentration in 0.5% phenolized physio- 
logical saline. 

The test was performed in the following 
manner: 1. The paper strip was placed on a 
smooth, nonabsorbent surface. Using a (0.2 
ml serological pipette held in a vertical posi- 
tion with its tip pressed firmly against the 
paper, 0.02 ml of serum was placed about an 
inch from one end of the strip and allowed to 
soak slowly into the paper. This resulted in 
the formation of a spot about 18 mm in di- 
ameter. The strip was hung with the tip, just 
below the serum spot immersed in the de- 
veloping solution. It was then allowed to de- 
velop by capillary ascent. 2. After 10 to 15 
minutes, the strip was removed from the solu- 
tion, and by means of a small camel’s hair 
brush the antigen was applied to the entire 
path of migration of the serum. It was neces- 
sary to prevent the antigen from contacting 
the dry area of the paper, for from there it 
could not readily be washed. 3. The strip 
was placed immediately on a towel or other 
absorbent surface and washed. The washing 
was accomplished with 1% saline applied 


with a second brush in a dabbing or blotting 


motion. Areas of the strip where antigen 


and antibody had combined could withstand 
vigorous and prolonged washing without re- 
moving all of the stained antigen. i 
Fig. 1 illustrates the types of reactions that 
were encountered. Strip 1 shows the reaction 
obtained with negative serums. All of the an- 


tigen was readily washed from the paper. On 


strips 2 and 3 the agglutinins advanced up 
the paper with the solvent as was evidenced 
by the fixing of the antigen near the top of 
the strips. This type of reaction was desig- 
nated as specific, for it was the type given by 
high-titered ‘bovine serum as well as the ma- 
jority of low-titered serums from infected 
herds and also by serums of animals treated 
with Strain 19 Brucella vaccine. Serums from 
humans suffering from brucellosis as diag- 
nosed clinically and confirmed by agglutina- 
tion and blood culture also give this type of 
reaction. On strips 4 and 5 the agglutinating 
material remained at the spot where the serum 
was applied. The reaction was designated as 
non-specific because the agglutinating sub- 
stance involved was found to adsorb on a 
variety of cellulose materials, and in this re- 
spect differed from the specific or gamma 
globulin antibody. Quite a large number of 
serums were found to display both kinds of | 
agglutinins. Strips 5 and 6 serve as examples. 


Non-sPEciric AGGLUTINATING SUBSTANCE IN BOVINE SERUM 


TABLE I. Summary of Differential .Tests on 
Bovine Serums. 


Filter paper 


reaction 
No. of No. Jo non- 
Source of animals No. nonspec. spec. 
serum tested specific only only 
Suspects from 197 188 9 4.6 
reactor herds 
Suspects from 220 7) 141 64 
suspect herds 
Negatives from 100 0 12 12 


negative herds 


A similar reaction was obtained by mixing 
serums of the specific and non-specific types. 

Experimental. The following bovine serums 
were tested by the filter paper chromato- 
graphic method: 197 suspect serums from 
animals in herds which also contained reac- 
tors, 220 suspect serums from animals in 
otherwise negative herds, and 100 samples 
that were adjudged negative on the basis of 
the routine plate agglutination test in which 
1:25 was the lowest dilution tested. 


Results. Because a significant percentage 
of serums showing the specific reaction on 
filter paper also contained some non-specific 
agelutinating material, the non-specific was 
considered to be of importance only when it 
was the sole cause of the fixation of antigen 
on the paper. The results recorded in Table 
I adhere to that criterion. 


It may be observed that 64% of the sus- 
pect serums from animals in otherwise nega- 
tive herds gave the non-specific reaction only, 
while the same was true for less than 5% of 
the suspect serums from herds containing re- 
actors. : 

Because 12 of the so-called negative serums 
gave non-specific reactions on paper, a por- 
tion of that group was subjected to a tube 
agglutination test beginning at a dilution of 
1:4. The results indicated the sensitivity of 
the filter paper test to be equivalent to ap- 
proximately the 1:16 dilution of the tube test. 

The reliability of the test is being checked 
by following the serum agglutination retests 
on suspect animals from otherwise negative 
herds. This phase of the study is still in 
progress. However, the results obtained thus 
far are worth reporting. Of 53 suspects that 


S 
wig 
~ . 
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gave “non-specific reactions on the original 
herd test, 50 were declared negative to the 
serum agglutination retest. Two retained a 
suspicious titer, and 1 was reported as in- 
creasing in titer to the reactor level. This in- 
crease in titer was from incomplete agglutina- 
tion at 1:100 to complete at 1:100. In con- 
trast to the above results, out of 34 suspect 
animals in otherwise negative herds that orig- 
inally gave specific reactions on filter paper, 
16 have become negative, 11 have remained 
suspicious and 7 have become reactors. 

Discussion. Jt is believed that the non- 
specific agglutinating substance is present in 
varying amounts in a large portion of animals 
of a variety of species. Its presence has been 
detected, as reported here, in a large number 
of bovine serums. Work still in progress in- 
dicates that more than 90% of normal swine 
contain the substance in detectable amounts 
in their serums. A similar substance also ap- 
pears to be present in human serums. These 
latter findings are being expanded. 

Attempts are being made to obtain the non- 
specific agglutinating material in an amount 
and state of purity that will enable further 
characterization of the substance. Adsorption 
on cellulose or Brucella organisms followed by 
elution with distilled water has yielded prep- 
arations showing a marked increase in con- 
centration as indicated by agglutination titer. 
In a second line of approach, the methods for 
the fractionation of plasma presented by 
Cohn et al.(4) have been used. The non- 
specific substance is not extracted with the 
gamma globulin fraction as is the case with 
specific Brucella agglutinins. Instead, the 
substance with its agglutinating activity still 
intact is found in the fraction which Cohn 
has designated as containing isoagelutinins, 
prothrombin, and cold insoluble globulins. 

The fact that readily demonstrable amounts 
of the non-specific agglutinating substance are 
present in many serums of apparently normal 
animals indicates that it may be a normal 


4. Cohn, E. J., Gurd, F. R. N., Surgenor, D. M., 
Barnes, B. A., Brown, R. K., Derouaux, G., Gillespie, 
J. M., Kahut, F. W., Leever, W. F., Lui, C. H., Mit- 
telman, D., Mouton, R. F., Schmed, K., and Uroma. 
E., J. Am. Chem. Soc., 1950, v72, 465. 
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serum constituent. In a low percentage of 
animals, sufficient amounts are present to 
cause interference with the application of the 
standard agglutination test at the 1:50 and 
1:100 dilutions, 

Summary. A filter paper chromatographic 
technic was used to demonstrate the presence 
in animal serums of a non-specific agglutina- 
tive material for Brucella. As judged by 
the physio-chemical properties of the ma- 
terial it does not seem to be related to ag- 
glutinins which arise from a specific antigenic 


STEROIDS AND CHORIONIC HORMONE ON RaT. OVARY 


stimulus of the classical type. 


The authors wish to express their indebtedness to 
Dr. Fred C. Driver, Veterinarian in Charge, U. S. 
Bureau of Animal Industry and members of his 
staff, Drs. L. B. Clausen, E. H. Braunworth, F. R. 
Cameron, Louis Olson, Alfred Peterson and D. N. 
Werring for their very valuable assistance in supply- 
ing low-titered bovine serums, and to Drs. Henry 
Bauer and Anne C. Kimball of the Minnesota State 
Board of Health_for providing the specimens of 


—human-serumi used in this study. 
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Augmentative Effects of Steroids and Chorionic Hormone on Rat Ovary. 


(18818) 


C. F. FLUHMANN. 


From the Department of Obstetrics and Gynecology, Stanford University School of Medicine, 
San Francisco. 


It long has been known that the preliminary 
administration of estrogenic substances results 
in a marked augmentation of ovarian weight 
induced in rats by a gonadotrophic hormone. 
This was first accomplished in hypophysecto- 
mized rats(1-3), and in immature females not 
only with estrogens(4) but with testosterone 
propionate(5). During the war years Dutch 
students(6) also approached this problem and 
from their results drew an elaborate theory 
regarding gonadal function. The purpose of 
the present report is to direct attention to 
these studies and to add further findings with 
various steroid substances. 

The rats employed in this study were from 
the Stanford colony and weighed from 35 to 
40 g at 21 to 24 days of age. The usual pro- 
cedure was to administer a single subcutaneous 


1. Williams, P. C., Nature, 1940, v145, 388. 

2. Pencharz, R. I., Science, 1940, v91, 554. 

3. Simpson, M. E., Evans, H. M., Fraenkel-Conrat, 
H. L., and Choh Hoa Li, Endocrinol., 1941, v28, 37. 

4. Fluhmann, C. F., Proc. Soc. Exp. Brot. anp 
Mep., 1941, v47, 378. 

5. idem, Endocrinol., 1941, v28, 214. 

6. Gaarenstroom, J. H., and de Jongh, S. E.,, 
Contrib. to the Knowledge of the Influences of Gona- 
dotropic and Sex Hormones on the Gonads of Rats, 
Elsevier Pub. Co., New York, 1946. 


TABLE I. Chorionic Hormone 750 I. U. Given on 
Day 2 to Hach Group. 


2) 

= gs 35 Zz 

b Aine ee = ie 

s O'S rapes > 
(a Aa <- be © o 
Sesame oil .1 ce 4 42° C140 023 
Cottonseed oil .1 ce 5 400) a3 024 
Sesame oil .5 ce 4 46 (105 .037 
Pregnenolone 5 mg 4. 44y° 3a 032 
Cholesterol 25 ’’ 4. 43° TREO 042 
Stilbestrol .5 ”? 5) 39 Sh OTe Eo 
a As Aah 4 44 083 071 
Estrone 5000 I. U. 4 46 119 .039 
22) 10000 LU, 4 49 081 .059 
Estradiol benzoate .8 mg 4.44 .095 072 
a4 dipropionate2mg 4 44 .114  .060 
Progesterone 5 mg 5. 38) eo OLS 


injection of the steroid or control material on 
the first day of the experiment while on the 
second day they were given 3 intraperitoneal 
injections of 250 I.U. of chorionic hormone 
(A.P.L.-—Ayerst). The 2 sites of injection 
were used in order to avoid any change in the 
rate of absorption of the active material. The 
rats were sacrificed with natural gas on day 
6 when body, uterine and ovarian weights were 
obtained, and tthe ovaries fixed in Bouin’s solu- 
tion for section and microscopic examination. 

The injection of sesame or cottonseed oil 0.1 
cc on the first day of the experiment gave ova- 


“Ys 


estrogenic 


Mitk AGENT ESTROGEN AND MAMMARY GROWTH 


TABLE II. Chorionic Hormone 750 I. U. Given 
Each Group on Day 1. 


ca 

aS Soe 
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= Sp ell Res SS 
a Ax EF Pew Ot 
Stilbestrol .5 m. 4 45 .099 .038 
af oP oe AD 42-1093 2031 
Progesterone 5 mg 4-90) y.141° ~ .060 


ries of .023 and .024 g while they weighed .037 
g with sesame oil 0.5 cc, .032 with pregneno- 
lone 5.0 mg and .042 g with cholesterol 25.0 
mg (Table I). On the other hand, a marked 
increase (up to .072 g) in ovarian weight was 
obtained with high dosages of estrogenic sub- 
stances, for instance, stilbestrol, estrone 
(Theelin-Parke Davis), estradiol benzoate 
(Ovocylin benzoate-Ciba) and _ estradiol 
dipropionate (Ovocylin dipropionate-Ciba) 
(Table I). With progesterone (Proluton- 
Schering) no enhancement of ovarian weight 
occurred. In all instances the histologic pic- 
ture of the ovaries was the same as that found 
when the chorionic hormone was given alone 
and showed developing graafian follicles, 
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corpora lutea and hypertrophy of the inter- 
stitial cells. 

If the order in which the hormones were ad- 
ministered was reversed, namely the chorionic 
hormone on the first day and stilbestrol on the 
second, there was no increase in the ovarian 
weight (Table Il). However, a considerable 
increase was obtained when progesterone was 
given on the second day (Table II). 

Summary. The preliminary administration 
of high dosages of stilbestrol, estrone, estradiol 
benzoate and estradiol dipropionate resulted 
in a marked increase in the ovarian weights of 
immature rats induced by a chorionic gona- 
dotrophin. The control series were given se- 
same oil, cottonseed oil, pregnenolone, choles- 
terol or progesterone. The increase also did 
not occur if stilbestrol was administered after, 
instead of before, the chorionic hormone. Al- 
though progesterone did not produce increased 
ovarian weight when given before, a marked 
enhancement did result when it was adminis- 
tered after, the chorionic hormone. 
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Relative Role of Milk Agent and Tissue Sensitivity in Estrogen- 
Induced Mammary Growth.* (18819) 


RUTH SILBERBERG, MARTIN SILBERBERG, AND JOHN J. BITTNER. 
From the Snodgras Laboratory, Hospital Division, City of St.’Louis, Mo., and the Division of 
Cancer Biology, Department of Physiology, University of Minnesota, Minneapolis. 


The response of the mammary gland to 
stimulation varies in different 


strains of mice(1,2). Whether or not the 


* The investigation was supported by research 
grants from the National Cancer Institute, U. S. 
Public Health Service, American Cancer Society 
upon recommendation of Committee on Growth of 
National Research Council, and Graduate School of 
University of Minnesota. 

1. (a) Loeb, L., Suntzeff, V., and Burns, E, L., 
Am. J. Cancer, 1938, v34, 413. 

(b) Loeb, L., and Moskop Kirtz, M., Am. J. 
Cancer, 1939, v36, 56. 

2. (a) Silberberg, M., and Silberberg, R., Proc. 
Soc. Exp. Brot. anp Mep., 1951, v76, 161. 

(b) Silberberg, M., and Silberberg, R., Arch. 
Path., 1950, v49, 733. 


presence of the milk agent is correlated with 
these differences is still a moot question(3-5). 
The following experiments constitute another 
attempt to contribute to the solution of this 
problem. 


Material and methods. Ninety-eight sexu- 
ally immature mice of closely inbred strains 
were ovariectomized at the age of 4 to 5 weeks 
and kept on a standard diet of Purina Labora- 
tory Chow and water ad libitum. Thirty-one 
mice of strain Z (C;H)—15 with the agent 
(Z) and 16 without it (Zb)—28 mice of strain 


3. Muhlbock, O. Acta Endocrinol, Scand., 1949, 
v3, 105. 

4, Trentin, J. J., Canc. Res., 1951, v1l1, 286. 

5. Bittner, J. J., Canc. Res., 1948, v8, 625. 
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TABLE I, Tabulation of Microscopic Findings in Mammary Glands According to Grades. 
# of ducts in: % of mammary glands showing 
# of one low power stimulation of growth grade: 
Injected breasts field 48 mm - —-, 
Strain for wk studied obj., 10 oeul 0 I IL TE 
Z 1 8 17-35 0 50 50 0 
2 8 20-32 0; 0 100 0 
4 8 25-35 0 0 0 100 
6 8 14-42 0 12.5 12.5 75 
8 12 21-41 0 0 0 100 
13 8 18-33 ac) 0 25 75 
Zb 1 8 8-20 1235 NN 87.5 0 0 
2 8 4-25 25 75 0 0 
4 8 8-28 12.5 50 37.5 0 
6 6 18-38 0 33.3 50 16.7 
8 15 21-39 6.7 13.3 33.3 46.7 
13 8 21-37 0 12.5 37.5 50 
D2 1 8 8-2i1 37.5 62.5 0 0 
2 8 8-26 12.5 50 37.5 0 
4 6 8-31 16.7 33.3 50 0 
6 8 10-30 37.8 37.5 25 0 
8 8 12-28 0 25 ye 0 
13 8 14-31 0 2.5 50 37.5 
D2b I 8 4-18 62.5 37.5 0 0 
2 8 8-18 75 25 0 0 
4 8 8-30 12.5 62.5 25 0 
6 8 6-22 12.5 75 12.5 0 
8 8 17-39 0 25 75 0 
13 8 14-25 0 50 50 0 
A il 8 14-32 25 75 0 0 
2 8 6-31 12.5 37.5 50 0 
4 8 14-42 0 25 75 0 
6 8 15-41 0 25 25 50 
8 8 14-43 12.5 25 37.5 25 
13 8 12-38 0 0 62.5 37.5 
Ax 1 8 9-21 50 50 0 0 
2 8 12-26 12.5 87.5 0 0 
4 8 12-35 0 62.5 37.5 0 
6 8 13-39 0 62.5 37.5 0 
8 8 12-35 25 25 37.5 12.5 
13 8 15-42 0 25 25 50 
Axa iL 8 4-23 75 25 0 0 
2 8 12-25 25 37.5 37.5 0 
4 8 14-33 0 50 50 0 
6 7 25-41 14.3 28.6 57.1 0 
8 8 10-43 0 37.5 37.5 25. . 
13 8 18-33 0 0 62.5 37.5 


D2—14 with the agent (D2) and 14 without 
it (D2b)—and 39 mice of strain A—14 with 
the agent (A), 11 without (Ax), and 14 (Axa), 
whose ancestors had been raised without the 
agent for ‘thirty-two generations and subse- 
quently been refostered to reacquire the agent 
—were used. In each group, 2 animals served 
as ovariectomized controls; the remaining 
ones received subcutaneous injections of 0,03 
mg of alpha estradioly benzoate in sesame oil 


t+ We are indebted to Schering Corp. for generous 
supply of Progynon-B, 


once a week for 1, 2, 4, 8, or 13 weeks. One 
week after the last injection, the mice were 
sacrificed; from each animal, 4 mammary 
glands, uterus and vagina were removed, 
fixed in Bouin’s solution, embedded in paraffin, 
and semiserial sections stained with hema- 
toxylin and eosin were prepared for micro- 
scopic examination. 


Microscopic examination. In each breast of 
each animal (unless stated otherwise in Table 
I), the number of ducts in a low power field 
(48 mm obj., 10x ocul.) were ‘counted, and 
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Sections through the mammary gland of 


1) and Zb (Fig. 2), 8 weeks 


old, ovariectomized at the age of 4 weeks, and having received 4 weekly injections of 0.03 mg 
of alpha estradiol benzoate. The figures demonstrate the maximum degrees of stimulation obh- 
served at this experimental stage. Magnification 55x. 


FIG. 1 (left). Stimulation of grade III. 
FIG. 2 (right). Stimulation of grade II. 


epithelial growth was studied; the findings 
were graded, as described previously in detail 
(2b). Briefly, this is the gradation: Grade O: 
Resting ductal epithelium and absence of 
alveoli. Stimulation grade I; Proliferation of 
ductal epithelium with papillary infolding, 
elongation of ducts with lateral and terminal 
budding as the most advanced change. Stimu- 
lation grade IJ: Beginning alveolar growth 
with a few secretory vacuoles in the small 
acini. Stimulation grade III: Multicentric 


alveolar growth showing dilated acini lined by . 


mitotically proliferating epithelium and con- 
‘taining abundant secretions. Since within the 
same mouse the 4 breasts were not always 
equally stimulated, some overlapping of the 
findings occurred in the various groups. Hence, 
in order to obtain quantitative data, the degree 
of stimulation of each mammary gland was 
recorded separately, and the findings were 
tabulated on a percentage basis of the total 
number of breasts studied at each stage in 
each experimental group. The results are 
summarized in Table I. 


Results. Ovariectomized non-injected mice: 
All breasts were resting. The number of ducts 
in a low power field varied from 4 to 16. The 
epithelium was low and showed no prolifera- 
tion. Occasionally small amounts of secre- 
tions were seen. No differences in the micro-/ 
scopic appearance could be established in mice 
of the various strains; nor did the presence or 
absence of the milk agent alter the micro- 
scopic picture. 

Strain Z. In mice possessing the agent (Z), 
growth stimulation of grade II was noted in 4 
of 8 breasts (50%) after one week, and in all 
8 breasts (100% ) after 2 weeks’ observation; 
after treatment for 4 weeks, all 8 breasts 
(100%) disclosed grade III stimulation (Fig. 
1). In mice without the agent (Zb), observed 
up to 2 weeks, mammary growth did not ex- 
ceed grade I; after 4 weeks, 4 of 8 breasts 
(50%) disclosed stimulation grade I, and 3 
of 8 breasts (37.5%) showed growth of grade 
II (Fig. 2). Grade III stimulation was not 
reached until after six weeks’ treatment, and 
then only 1 of 6 breasts (16.7%) had reached 
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this stage.. With prolonged administration of 
the estrogen, mammary growth became in- 
creasingly intensified, and gradually ap- 
proached conditions seen in ‘the animals pos- 
sessing the agent. Still, even after 3 months’ 
treatment, the growth response in the breasts 
of the Zb mice lagged behind that seen in the 
Z mice. 

Strain D2. In mice of this strain, mammary 
growth was, under the influence of the estro- 
gen, less stimulated than in the Z mice. How- 
ever, in mice with the agent (D2), the breasts 
reacted to the estrogen more vigorously than 
the breasts of mice without the agent (D2b). 
In the D2 mice, 1 of 8 breasts (12.5%), was 
resting after 2 weeks of treatment as compared 
with 6 of 8 breasts (75%) in the D2b mice. 
Simultaneously, in the D2 mice, 3 of 8 breasts 
(37.5%) showed grade II stimulation, while 
in the mice without the agent (D2b) mam- 
mary growth did not exceed grade I, and 
this was seen in 2 of 8 breasts (25%). Grade 
II stimulation was first noted in 2 of 8 breasts 
(25%) of the D2b mice after 4 weeks’ treat- 
ment. After 6 or more weeks of observation, 
the differences between the growth response 
in groups D2 and D2b respectively became 
less distinct. However, none of the mice with- 
out the agent developed acini, while of the 
mice possessing the agent (D2) at least 3 
breasts (37.5%) showed grade III stimula- 
tion. 


Strain A. During the early stages of treat- 
ment with ‘the estrogen mammary growth was 
more accentuated in mice possessing the agent 
(A) than in those without the agent (Ax). 
After 2 weeks, 50% of the breasts of the A 
mice had reached growth of grade II, while 
those of the Ax mice were not stimulated be- 
yond grade I. After 4 weeks, mammary pro- 
liferation of grade II was noted in the Ax 
group. However, only half as many breasts 
(37.5%) showed this change as did the cor- 
responding A mice (75%). Again, after 6 
weeks, 50% of the breasts of the A mice 
showed grade III stimulation, while the most 
advanced growth in the breasts of the Ax 
mice was still of grade IJ. After 8 or more 
weeks, the differences in the growth response 
of the breasts of the 2 groups began to dis- 
appear. In tthe refostered group (Axa), the 
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reaction of the breasts following the injections 
of the estrogen was slow. From the second 
week on, the degree of growth stimulation was 
intermediate between that of the Ax mice and 
those who had the agent throughout their en- 
tire ancestry (A). The mammary response 
to,\estrogen in mice possessing the agent for a 
varying number of generations may deserve 
further investigation. 

Discussion: Injections of equal amounts of 


alpha estradiol benzoate into ovariectomized 


mice of various strains caused more vigorous 
mammary growth in individuals possessing the 
milk agent than in mice of the same strains 
free of the agent. These differences were most 
conspicuous during the early stages of hormon- 
al stimulation. Thus, the milk agent seems to 
determine at least partly the response of the 
breast to estrogen. The failure of previous 
experiments(3,4) to demonstrate these varia- 
tions may be due to differences in the methods 
employed: Whole mount specimens will not 
reveal the early proliferation of the ductal 
epithelium, particularly if infolding rather 
than elongation of ducts occurs. Besides 
dosage, the time factor may play a role in the 
mammary response so that investigations of 
one single: stage following administration of 
the estrogen may not disclose the complete 
picture. In addition to the differences in the 
mammary response attributable to the milk 
agent (strains Z, D2, A, Axa) strain differ- 
ences in the mammary response to the hor- 
mone continued ‘to exist also in the absence 
of the milk agent. These differences manifest 
themselves if corresponding stages in strains 
Zb, D2b, Ax, and C57 black (2a) are com- 
pared. These findings are thought to be re- 
lated to the different genetic constitution of 
various strains. Strain differences exist in the 
response of the adrenals and the hypophyses 
to castration(5-8). The estrogen injected, 
however, should obviate such castration effects 
and therewith strain differences in the latter. 
Apparently then the sensitivity of the target 
tissue plays a major role in the mammary 


6. Smith, F. W., Canc. Res., 1946, v6, 494. 

7. Woolley, G. W., and Dickie, M. M., Canc. Res., 
1947, v7, 722. 

8. Huseby, R. A., and Bittner, J. J., Canc. Res., 
1950, v10, 226. 
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response to hormonal stimulation. The nature 
of factors determining the tissue susceptibility 
is under further investigation. 


Summary. The mammary glands of ovari- 
ectomized mice of strains Z, D2 and A pos- 
sessing the milk agent were more susceptible 
to estrogenic stimulation than the breasts of 
mice of the same strains raised for many 
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generations without the milk agent. How- 
ever, strain differences in the mammary re- 
sponse to the estrogen continued to exist also 
in the absence of the milk agent. These varia- 
tions are considered to be due to strain dif- 
ferences in the susceptibility of the target 
tissue to hormonal stimulation. 
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Effect of Oral 688A (N-Phenoxyisopropyl-N-Benzyl-8-Chloroethylamine 
Hydrochloride) on Blood Pressure in Normotensive and Hypertensive 


Subjects.* 


(18820) 


Henry Harmovici, Marvin Moser, anD Henry KRAKAUER. 
(With the assistance of Sylvan Douglis.) 


From the Surgical and Medical Divisions, Montefiore Hospital, New York City. 


Previous investigations have shown that 
Dibenamine, administered intravenously in 
man, closely approximates the effects of a 
surgical sympathectomy(1,2). However, its 
clinical usefulness proved to be of limited 
value because of its mode of administration 
and its side effects. These shortcomings of 
Dibenamine have stimulated the search for an 
orally effective adrenergic blocking agent, de- 
void of side effects. A compound, designated 
688A, recently developed, seems to meet the 
requirements for an orally active drug. 

In the present report, we wish to sum- 
marize the preliminary clinical results ob- 
tained with this compound, used since Feb- 
ruary 1950, in patients with arterial hyper- 
tension and peripheral vascular diseases. 

Methods and material. 688A (N-phenoxy- 
isopropyl-N-benzyl-8-chloroethylamine hydro- 
chloride) is a new synthetic adrenergic block- 
ing agent.t Chemically it is a derivative of 
Dibenamine (N,N-dibenzyl-@-chloroethyla- 
mine hydrochloride). Pharmacologic studies 


* This investigation was supported by a grant from 
the Smith, Kline and French Laboratories. 

1. Haimovici, H., and Medinets, H. E., Proc. Soc. 
Exp. Bror. anp Mep., 1948, v67, 163. 

2. Wunsch, R. E., Warnke, R. D., and Myers, G. 
B., Ann. Int. Med., 1950, v33, 613. 

+ 688A was kindly supplied by Smith, Kline and 
French Laboratories. 


in animals showed that its adrenergic blocking 
potency is greater than that of Dibenamine, 
and that it is active parenterally as well as 
orally(3,4). 688A was used in enteric coated 
tablets, supplied in dosages of 10, 20, and 40 
mg. The drug was administered 3 times daily 
with meals. The dosage used varied with the 
patient and ranged between 30 mg and 560 
mg daily. Each patient was first tested care- 
fully for his sensitivity to the drug by starting 
with a small dose and then increasing it pro- 
gressively. The optimum daily dose was de- 
termined by the therapeutic effectiveness 
without, or with only minimal, side reactions. 
Observations were made during treatment 
with 688A and during administration of 
placebo. The size and color of the latter were 
identical to those of the active drug. The 
subjects were mostly patients admitted to the 
wards of the Montefiore Hospital.+ Of a 
total of 47 subjects used in this investigation, 


3. Macko, E., McLean, R. A., Fellows, E. J., (et 
al.), J. Pharmacol. and Exp. Therap., 1951, v101, 24. 

4. McLean, R. A., Fendrick, A. J., Macko, E., and 
Fellows, E. J., J. Pharm. and Exp. Therap., 1951, 
vl101, 26. 

¢ Two patients, included in this series, were hos- 
pitalized at the V. A. Hospital, Bronx, N. Y. We are 
indebted to Dr. Abraham Azulay, Senior Resident 


‘in Cardiology, for the data obtained in these two 


cases with essential hypertension. 
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19 were normotensives and 28 were hyperten- 
sives. Most of these patients were first hos- 
pitalized and a control period of observation 
before and under 688A treatment was ob- 
tained under basal conditions. Electrocardio- 
grams, heart size films, eyeground changes 
and renal functions were recorded before and 
during treatment. Sodium amytal, intraven- 
ous Dibenamine and benzodioxane tests were 
done on most of the hypertensive subjects. 
Cold pressor tests were performed in many 
cases before, and at regular intervals after, 
starting the treatment. These patients were 
allowed to be ambulatory. After a minimum 
of 2 weeks of hospital observation, the pa- 
tients were discharged and followed twice 
weekly as outpatient cases. The blood pressure 
(B.P.) was measured with a mercury manom- 
eter with the patient in both the supine and 
erect positions after he had rested for at least 
15 minutes. The pulse rate (P.R.), counted 
at the wrist, was also recorded in both the 
supine and erect positions. At least 3 con- 
secutive readings were made for each meas- 
urement. Hourly arterial pressure measure- 
ments for 6 to 8 consecutive hours were 
taken during treatment in many of the hos- 
pitalized patients. The average values of the 
daily readings were recorded and the lowest 
supine B.P. with its corresponding erect B.P. 
were used for the analysis of the manometric 
results. 


Results. A. Effect on the blood pressure in 
the supine and erect positions. 1. Nineteen 
normotensive subjects received 688A for per- 
iods varying from 2 to 18 weeks. The average 
control B.P.s for both supine and erect posi- 
tions were 124/71 and 124/80, respectively. 
After the drug administration, the average 
B.P.s for the 2 positions were 107/62 and 
96/64 with a mean change of -17/—-9 and 
—28/-16, respectively. 2. In hypertensive 
subjects, the degree of fall in B.P. varied with 
the type of hypertension. a. Eight patients 
with uncomplicated essential hypertension 
received the drug for periods varying from 1 
to 16 months with an average of 6 months. 
Their average control B.P.s for both supine 
and erect positions were 177/112 and 
175/118. After treatment with 688A the 
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mean B.P.s were 140/91 and 135/95 with 
a mean change of -37/-21 and —40/-23, 
respectively. b. Sixteen patients with malig- 
nant hypertension were under observation 
with 688A for periods varying from 2 weeks 
to 11 months with an average of 3 months. 
Their average control B.P.s for both supine 
and erect positions were 221/125 and 
220/131. After treatment the mean B.P.s 


were 182/105-and 155/99 with a mean change 


of -39/-20 and -65/-32, respectively. c. 
Three patients with systolic hypertension 
were under observation with 688A for periods 
varying from 1 to 4 weeks. Their average 
control B.P.s for both supine and erect posi- 
tions were 199/75 and 199/82. After treat- 
ment, the average B.P.s were 173/59 and 
165/62, with a mean change of —26/—16 and 
—34/—20, respectively. d. In one case of 
pheochromocytoma, the control supine B.P. 
which fluctuated from 153/95 to 240/150 fell 
to 95/64 after 75 mg of 688A. 3. The daily 
range of the average dosage of 688A varied 
from 40 mg to 230 mg for the entire series. 
The average effective daily dose of the drug 
varied with the group of patients as follows: 
101 mg for normotensives, 130 mg for benign, 
194 mg for malignant, and 67 mg for systolic 
hypertensives. Asa rule the maximum action 
on the B.P. from a single effective dose of 
688A was observed 1 hour to 114 hours after 
its administration. The effect was noted on 
both the supine and erect readings, the latter 
being usually more pronounced. Within 3 to 
5 hours, these effects gradually diminished or 
disappeared. 


B. Effect on the pulse rate. The P.R. 
changes following 688A varied with the group 
of patients. The average changes in the 
supine position were: + 8 for normotensives, 
none for benign, —2 for malignant and —1 for 
systolic hypertensives. The average changes 
in the erect position were: +. 20 for normo- 
tensives, + 12 for both benign and malignant, 
and ++ 7 for systolic hypertensives. 


C. Effect on symptoms. Evaluation of 
symptomatic improvement following any 
medication in hypertension is notoriously dif- 
ficult. Effect of placebos and comparison 
with symptoms before treatment with 688A 


a 
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were used as criteria for this evaluation. 
Headaches, dizziness, palpitations and 
dypsnea were common complaints in 22 of 
the 27 hypertensive subjects. The remain- 
ing 5 subjects were completely asymptomatic. 
The degree of symptomatic improvement in 
the 22 patients was as follows: good in 9, 
moderate in 7, poor in 6. The relation be- 
tween manometric response to the drug 
and symptomatic improvement was se parent 
in most cases but not in all. 

D. Other effects. A total of 51 cold pres- 
sor tests performed on 14 subjects before and 
during treatment usually showed partial in- 
hibition and seldom complete blockade. Time 
relationship to the administration and dose of 
the drug appeared to influence the degree 
of the inhibition to the cold stimuli. Miosis 
was noted in most cases. Dilatation of the 
pupil with neosynephrine appeared impos- 
sible during drug administration. The re- 
sults of 688A on the heart size, EKG and 
fundi were studied in 8 patients with long- 
term treatment. Heart size changes were not 
significant, while improvement in both the 


EKG pattern and fundi were present in 2° 


patients. Effect of 688A on pain and peri- 
pheral blood flow were also studied and will 
be reported elsewhere. 


E. Side effects. Side reactions to 688A were 
few and minor. Dryness of the mouth and 
stuffiness of the nose were not infrequent. 
Drowsiness and fatigue or weakness occurred 
in a few cases and were rather disabling at 
times. Toxic effects. such as nausea and 
vomiting were rarely noted and were usually 
accounted for by overdosage. Dizziness and 
palpitation were observed in several patients 
especially on rapid change of position. Most 
of the side effects were observed during the 
first few days of treatment. With proper 
adjustment of the dosage the patients dis- 
played little of the above symptoms. 

F. Tolerance to the drug. The effectiveness 
of the drug appeared to diminish somewhat 
in most cases after 2 to 3 months of adminis- 
tration. Increased dosage of the drug became 
necessary to restore its effectiveness. Toler- 
ance to the drug, however, developed in a 
few patients receiving 688A over long periods 
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of time. This was studied in 14 patients ob- 
served on the drug for periods ranging be- 
tween 2 and 16 months with an average of 6 
months. In 2 cases the B.P. returned to its 
initial level after 5 and 7 months and was 
not influenced by further increase in the dos- 
age. In 5 cases tolerance to the drug was 
partial, while in the remaining 7 cases no 
tolerance was apparent as long as 11 months 
later. The effectiveness, of the drug varied 
in the-hospitalized- and ambulatery patients. 
The latter usually required higher dosage than 
the former. 


Summary and conclusions. 1. The foregoing 
results indicate that 688A, a new adrenergic 
blocking agent, is an effective oral drug. It 
induces a fall in both supine and erect blood 
pressures in all subjects. The degree of the 
manometric effect depends on the dosage used 
and on the group of patients. The duration 
of the decrease in B.P. following a single 
dose is variable and usually lasts 3 to 5 hours. 
Symptomatic improvement occurred in 16 of 
22 patients with hypertension. Improvement 
was noted in a few cases even in the absence 
of appreciable fall in B.P. As noted above, 
evaluation of symptomatic improvement may 
be difficult, since in a few cases the effects of 
placebo were equally good, for at least several 
weeks. Cold pressor tests showed that 688A 
in the dosage used, usually induced partial 
inhibition. It is possible that by its specific 
sympatholytic action 688A, besides its hypo- 
tensive effect, also prevents sudden rises in 
B.P. as indicated by the cold pressor tests. 
2. Side effects of this drug were remarkably 
few and minor. Occasional drowsiness and 
sensation of fatigue were among the most 
disabling reactions noted in some patients. 
Proper dose adjustment seemed to be an im- 
portant factor in preventing side effects. It 
should be noted that these side effects actually 
represent clinical criteria of adequate ad- 
renergic blockade. Toxic symptoms such 
aS nausea, vomiting and possibly fatigue were 
rarely encountered. Tolerance to the drug 
was noted in a few cases and may represent 
a shortcoming in a long-term treatment. 3, 
While individual responses to the drug were 
variable, the overall results in the entire 
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group of patients indicate that 688A is 
effective in lowering B.P. and alleviating hy- 
pertensive symptoms. 4. These prelimi- 
nary results obtained with 688A appear en- 
couraging. The potentialities of this drug in 
arterial hypertension and peripheral vascular 
diseases are under further investigation. De- 
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tailed studies will be published elsewhere. 


The authors wish to express their appreciation to 
Dr. Louis Leiter, Chief of the Medical Division, and 
to Dr. Samuel Silbert, Attending Surgeon for Peri- 
pheral Vascular Diseases, for their active interest in 
this investigation. 
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Selective Inhibition of Adrenal and Thyroid Stimulating Effect of 


Amphenone B* by Cortisone and Thyroxine. 


(18821) 


Roy Hertz, WittiAmM W. TULLNER, AND Mitton J. ALLEN. 
From the National Cancer Institute,t Bethesda, Md. 


We have previously reported that the oral 
administration of Amphenone “B’ (1-2) in 
the rat induces a marked adrenal and thyroid 
hypertrophy(3). The adrenal stimulation 
was lacking in the hypophysectomized ani- 
mal and was prevented by cortisone admin- 
istration in the intact rat. 


This report presents data which show that 
thyroxine will prevent the Amphenone-in- 
duced thyroid hypertrophy without altering 
the adrenal response. Conversely, cortisone 
will prevent the adrenal enlargement without 
materially depressing the thyroid hyper- 
trophy. 

Materials and Methods. Female rats of the 
Holtzman strain were ovariectomized at 24 
days of age and were started on these experi- 
ments at 57 days of age. A stock pellet ra- 
tion was fed ad libitum. Amphenone B, Cor- 
tisone, and Thyroxine were administered 
daily as indicated in Table I. The animals 
were autopsied 24 hours after the last injec- 
tion. The adrenal thyroid and thymus glands 
were dissected out and weighed to the nearest 
milligram. . 


pelo) bis-(p-aminopheny]) -2-methylpropanone-1 
dihydrochloride. 

+ National Institutes of Health, Public Health 
Service, Federal Security Agency. 

1. Allen, Milton J., U. S. Patent 2,539,388 (1951). 

2. Allen, Milton J., and Corwin, A. H., J.A.C.S., 
1951, v72, 117. 

3. Hertz, R., Allen, M. J., and Tullner Wm. W., 
Proc. Soc. Exp. Biot. anp Mep., 1950, v75, 627. 


Results and Discussion. Data from a rep- 
resentative series are presented in Table I. It 
will be seen that when Amphenone “B” is 
administered for 14 days it induces a marked 
adrenal and thyroid hypertrophy. The simul- 
taneous administration of thyroxin and Am- 
phenone ‘“‘B” reduces the thyroid weight from 
an expected mean of 50 + 6to9 +1. How- 
ever, the adrenal response is not reduced by 
thyroxine administration. Moreover, the 
simultaneous administration of cortisone and 
Amphenone “B” reduces the adrenal weight 
from an expected mean of 112 + 18 to 32 
+ 8, but the thyroids in this same group of 
animals remain enlarged. This selective in- 
hibition of the thyrotropic and adrenotropic 
action by thyroxin and cortisone respectively 
indicates that the pituitary is capable of 
simultaneously increasing its thyrotropic ac- 
tivity and reducing its adrenotropic effect or 
vice versa. It also indicates that there must 
be two distinct and separate endpoints in the 
pituitary through which Amphenone “B” 
exerts its distinctive effects upon the thyroid 
and adrenal. 

The thymus weights indicate that although 
the adrenal of the Amphenone ‘‘B”’ treated 
rat is producing some corticoid, its hormone 
production is not at all in keeping with the 
increased size of the adrenal. Thus the con- 
trol thymus weight of 827 + 62 mg is reduced 
to 51 + 11 mg by Amphenone “B” plus cor- 
tisone, but only to 408 + 177 mg by Amphe- 
none “B” alone. This evidence of limited 
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TABLE I. Selective Effect of Cortisone and Thyroxine on Adrenal and Thyroid Hypertrophy 
‘Induced by Amphenone ‘‘B.’’* 
Final Adrenal Thyroid Thymus 
Treatment body wt (g) wt (mg) wt (mg) wt (mg) 

0 230 + 13 (Of frameset} 14+ 2 827+ 62 
Amphenone B alone 180 + 21 112 + 18 50 + 6 408 +177 
Amphenone B 150 + 13 32 + 38 33 + 8 ol+ i1 

+ cortisone 
Amphenone B 184 + 26 111 + 50 Sverdl 545 + 177 
+ thyroxine 
* Amphenone ‘‘B’’ given 32 mg daily per os in 0.5 ce H»O for 14 days. Thyroxine (dl) 
given 32 wg daily subeut. 0.2 ce of .01 N NaOH for 16 days. Cortisone acetate given 2 mg daily 
subeut. in 0.2 ce saline suspension for 16 days. Cortisone and thyroxine begun 2 days before 
Amphenone ‘‘B.’’ Each experimental group includes 10 animals. 
corticoid production by the enlarged adrenal Summary. Amphenone “B” induces a 


suggests that Amphenone “B” may be induc- 
ing a non-productive hypertrophy in the 
adrenal similar to that produced by thioura- 
cil in the thyroid(4-5). In any Case, it is 
clear that the availability of such compounds 
as Amphenone “‘B” will provide interesting ex- 
perimental tools for the elucidation of the 
reciprocal relationship between the anterior 
pituitary and its various target organs. 


4. Astwood, E. B., Sullivan, J., Bissell, A., and 
Tyslowitz, R., Endocrinology, 1943, v32, 210. 

5. Mackenzie, C. G., and Mackenzie, J. B., En- 
docrinology, 1943, v32, 185. 


Metabolism of Glycine.* 


A. D. Barton. 


marked hypertrophy of both the thyroid and 
adrenal in the rat. Simultaneous administra- 
tion of thyroxin and Amphenone “B” prevents 
the thyroid hypertrophy without reducing the 
adrenal enlargement: Combined cortisone 
and Amphenone “B” administration prevents 
the adrenal enlargement without altering the 
thyroid hypertrophy. Thus, Amphenone “B” 
exerts its adrenal and thyroid effect by acting 
through two distinct end-points in the an- 
terior pituitary. 
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(Introduced by H. P. Rusch.) 


From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, Madison. 


The metabolism of glycine in normal mice 
has ‘been studied after a single intravenous 
injection of glycine-2-C'* by following the 
specific activity of the uncombined glycine in 
the plasma, liver and skeletal muscle and by 
determining the specific activity of the ex- 
pired COs. In this way it has been possible 
to estimate the size of the body pool of gly- 
cine, the turnover time and rate of turnover 
of body glycine, and the rate of oxidation of 
the methylene carbon atom of glycine to COs. 


A similar study of glucose metabolism in nor- 
mal and diabetic rats was reported recently 
by Feller, et al.(1). 

Experimental. Glycine-2-C't (1.5-2.0 pg 
per g body weight), in 0.1 ml of 0.85% saline 
solution, was injected intravenously into 
young, adult, Rockland strain white mice. 
The specific activity of the glycine was 10,000 
cpm per pg. The respiratory COs was ab- 
sorbed in sodium hydroxide solution and then 
precipitated as BaCOs for radioactivity meas- 


* This work was supported in part by a grant from 
the American Cancer Society recommended by the 
Committee on Growth of the National Research 
Council. 


1. Feller, D. D., Strisower, E. H., and Chaikoff, I. 
L., J. Biol. Chem., 1950, v187, 571. 

t Obtained from Oak Ridge National Laboratory 
on allocation of the U. S. Atomic Energy Commission. 
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urements. After the appropriate time the 
animals were sacrificed and deproteinized ex- 
tracts of plasma, liver and thigh muscles were 
prepared; the tungstic acid procedure of 
Schurr, e¢ al.(2) was used except that boiling 
was omitted and the entire process carried out 
rapidly below 5°. An aliquot of each tissue 
extract was mixed with phosphate buffer and 
ninhydrin solution and the mixture was then 
made up to 8 ml and distilled, as described 
by Alexander, ef al.(3). Under these condi- 
tions the uncombined glycine is decomposed 
and the radioactive methylene carbon is con- 
verted to formaldehyde which collects in the 
distillate. The danger of carrying over non- 
volatile material which might be radioactive 
was minimized by using a spray trap and by 
collecting only the first 6 ml of distillate. In 
order to determine the formaldehyde con- 
centration in the distillate, a 1.7 ml aliquot 
was mixed with 0.2 ml of 5% aqueous chro- 
motropic acid solution and the mixture was 
chilled while the total volume was brought 
to exactly 3 ml by adding concentrated sul- 
furic acid. The resulting solution was heated 
in a boiling water bath for 35 minutes and 
the optical density was measured at 570 my 
in a Beckman spectrophotometer as recom- 
mended by MacFadyen(4). In order to 
measure the radioactivity of the formalde- 
hyde in the distillate, a 2 ml aliquot was 
mixed with exactly 1 mg of non-radioactive 
formaldehyde and the mixture was precipi- 
tated by the addition of 10 ml of 0.4% di- 
medon solution. The mixture was allowed 
to stand for at least 3 hours and was then 
filtered onto a paper disc and mounted on a 
brass holder, substantially as described by 
Henriques, et al.(5). The weight of the 
sample was determined? and the _ total 
radioactivity measured was corrected for the 


2, Schurr, P. E., Thompson, H. T., Henderson, L. 
M., and Elvehjem, C. A., J. Biol. Chem., 1950, v182, 
29. 

3. Alexander, B., Landwehr, G., and Seligman, A. 
M., J. Biol. Chem., 1945, v160, 51. 
4. MacFadyen, D. A., J. Biol. Chem., 1945, v158, 

107. 

5. Henriques, F. C., Jr., Kistiakowsky, G. B., 
Margnetti, C., and Schneider, W. G., Ind. Eng. Chem., 
Anal, Ed., 1946, v18, 349. 
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difference between the weight of the sample 
and the theoretical weight of dimedon pre- 
cipitate from 1 mg of formaldehyde (9.74 mg). 
The specific activity of the formaldehyde 
divided by 2.50 gives the specific activity of 
the uncombined glycine originally present in 
All radioactive samples 
were counted for a time sufficient to bring the 
statistical error to less than 10 percent and 
were corrected for self absorption(6). 


Results. The specific activity of the carbon 
in the expired COs and of the uncombined 
glycine in liver, muscle and plasma are 
shown in Fig 1. Each point on the liver and 
muscle curves represents the average of 
measurements on 3 mice. Each point on the 
plasma curve represents the average of 2 de- 
terminations, each of which was made on 
pooled plasma from 2 mice. Each point on 
the expired COs curve represents the average 
of measurements on 4 mice. The vertical or 
sloping line through each point indicates the 
range of the values whose average is repre- 
sented by the point. 


Determination of the size of the body pool 
of glycine. As shown in Fig. 1, the decrease 
in the specific activity of the uncombined 
glycine becomes approximately logarithmic 
about 15 minutes after the glycine injection. 
Extrapolation of these curves to zero time as 
suggested by Feller, e¢ a/.(1) is considered to 
indicate what the initial dilution of the labeled 
glycine would have been if there had been in- 
stantaneous mixing of the added glycine with 
the glycine in the body pool. This interpre- 
tation involves the assumption that the dilu- 
tion of the labeled glycine was going on during 
the earlier part of the experiment in the same 
way as during the period of logarithmic de- 
crease in specific activity. In the present ex- 
periments this extrapolation indicates that 
the size of the dynamic body pool of glycine 
is approximately 30 mg per 100 g body 


t Samples were dried at 80°C for 20 minutes. Pro- — 
longed heating at higher temperatures results in de- 
composition and sublimation of sample and decrease 
in specific activity of residue. | 

6. Calvin, M., Heidelberger, C., Reid, J. C., Tol- | 
bert, B. M., and Yankwich, P. E., Isotopic carbon, 
New York, 1949, pp. 317-318. 
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FIG. 1. Specifie activity of expired COg and of uncombined glycine in different tissues, follow- 


ing a single intravenous injection of glycine-2-Cl4, 


The specific activity is expressed as per- 


cent of administered dose per mg of glycine or per mg of carbon in the expired CO . Each 
vertical or sloping line indicates the range of values whose avg is represented by the correspond- 
ing point. 


weight. However, isotope dilution experi- 
ments in which a similar quantity of labeled 
glycine was added to chilled homogenates of 
whole mice indicated that the amount of un- 
combined glycine present in the mouse is 
approximately 10 mg per 100 g. It is evi- 
dent that within 15 minutes after its injection, 
the labeled glycine not only mixes with the 
uncombined glycine present in the mouse but 
also comes to equilibrium with other com- 
pounds. Compounds with which it equili- 
brates may include the glycine in glutathione 
(7) and other physiologically active peptides 
(8), and perhaps serine(9-10). It has been 
shown by Friedberg and Greenberg(11) and 
more recently by Borsook, e¢ a/.(8) that in- 


7. Waelsch, H., and Rittenberg, D., J. Biol. Chem., 
1941, v139, 761. 

8. Borsook, H., Deasy, C. L., Haagen-Smit, A. J., 
Keighley, G., and Lowy, P. H., J. Biol. Chem., 1950, 
v187, 839. 

9. Sakami, W., J. Biol. Chem., 1949, v178, 519. 

10. Goldsworthy, P. D., Winnick, T., and Green- 
berg, D. M., J. Biol. Chem., 1950, v180, 341. 

11. Friedberg, F., and Greenberg, D. M., J. Biol. 
Chem., 1947, v168, 405. 


travenously administered amino acids are re- 
moved from the plasma very rapidly. In the 
present study, the initial rapid rise and the 
subsequent rapid decrease in the specific ac- 
tivity of the uncombined glycine in the liver 
indicate that this organ is particularly active 
in the effort of the organism to dispose of the 
“extra” glycine which has been injected. It 
is possible that in this initial readjustment 
some of the labeled glycine might be irrever- 
sibly removed from the glycine pool at a rate 
which would not be taken into account by 
the extrapolation to zero'time. If this hap- 
pened, the actual size of the glycine pool 
would be smaller than that indicated by the 
extrapolation procedure. In the present case, 
it is estimated$ that this effect introduces less 
than 5% error in the pool size. 

Turnover time of the glycine pool. During 


§ If 60 ug of glycine, (the quantity injected in these 
experiments), was destroyed in the viscera at a time 
when the specific activity of uncombined glycine was 
500 cpm per wg, (higher than that observed in any of 
these experiments), this would result in the removal 
of only 30,000 cpm from the glycine pool, i.e., ap- 
proximately 5% of the 600,000 cpm injected. 
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the period of logarithmic decrease the times 
for the specific activity of the glycine to de- 
crease by one-half (t!Z) are 45, 60 and 75 
minutes for liver, plasma and muscle respect- 
ively. The mean t4 for the glycine pool is 
probably close to 1 hour. The time for the 
turnover of the pool (tt) is given by the ex- 
pression t, = 1.44 t4(1) and in this case 
is approximately 1.5 hours. 

Rate of turnover of glycine. Since 30 mg 
of “glycine” per 100 g is turned over in 1.5 
hours, the rate of turnover is approximately 
20 mg per 100 g per hour. Except for the 
most active protein components, the exchange 
of the labeled glycine with proteins is still 
in the phase during which glycine of high 
specific activity is being incorporated and 
glycine of low specific activity is being liber- 
ated. Consequently the turnover rate 
measured in these experiments includes the 
exchange of the labeled glycine pool with 
proteins and is probably close to the actual 
turnover rate of the glycine pool in the ani- 
mal. Turnover as used here includes all of 
the processes by which molecules are removed 
from the glycine pool and other molecules are 
added to it. The slopes of the curves in Fig. 
1 indicate that the rate of turnover of glycine 
in liver is much greater than it is in skeletal 
muscle; moreover, the transfer of glycine be- 
tween the plasma and the tissues is not quite 
fast enough to bring the specific activity of 
the glycine in all parts of the body pool to 
the same value at a given instant. However, 
the interchange of glycine between tissues is 
undoubtedly too rapid to permit the calcula- 
tion of rates of turnover in individual organs. 

Oxidation of glycine to COz The rate of 
oxidation of glycine to yield COs may be esti- 
mated by dividing the amount of radioactivity 
expired in a given time interval by the mean 
specific activity of the glycine in the animal 
during the same time interval, or by the 
method suggested by Feller, et a/.(1). Appli- 
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cation of either method to the present data 
indicates that the rate of oxidation of glycine 
to CO, is approximately 3 mg per 100 g 
per hour. As a result of this oxidation the 
methylene carbon of glycine contributes ap- 
proximately 0.2% of the carbon in the 
respiratory COs. It is evident that these mice 
were synthesizing most of the glycine required 
in their metabolism. With the semi-synthetic 
diet used(12) they received in their food not 
more than 7 mg of glycine per 100 g per day, 
whereas oxidation at the rate indicated in 
these experiments would consume approxi- 
mately 72 mg of glycine per 100 g in 24 
hours. This may provide at least a partial 
explanation for the finding that even 90 
minutes after injection of the labeled glycine 
the specific activity of the uncombined gly- 
cine in various tissues did not approach a 
common value. 

Summary. The metabolism of glycine in 
mice has been studied after a single injection 
of glycine-2-C'* by following the specific ac- 
tivity of the uncombined glycine in plasma, 
liver and skeletal muscle, as well as the 
specific activity of the respiratory CO». The 
size of the dynamic pool of glycine was found 
to be 30 mg per 100 g of which 10 mg per 
100 g was uncombined glycine; the turnover 
time of the glycine pool was 1.5 hours and the 
rate of turnover 20 mg per 100 g per hour. 
The amount of glycine oxidized to yield CO» 
in the breath was found to be approximately 
10 times the amount of glycine ingested in 
the food. 

The author is indebted to Dr. H. P. Rusch, Dr. 
R. K. Boutwell and Dr. C. Heidelberger for much 
helpful advice and to Mrs. Edith Wallestad, Miss 
Nancy Lake and Mr. A. G. Malman under the super- 
vision of Dr. Heidelberger for assistance in the 
measurements of radioactivity. 


12. Boutwell, R. K., Brush, M. K., and Rusch, H. 
P,, Am. J. Physiol., 1948, v154, 517. 
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Effect of Pertussis, Diphtheria Toxoid and Salmonella Immunization on 


Experimental Poliomyelitis.* 


(18823) 


ALBERT Mitzer, Morty A. WEIss, AND KATHERINE VANDERBOOM. 


From the Department of Bacteriology and Virology, Medical Research Institute, Michael Reese 
Hospital, and the Samuel Deutsch Serum Center of Michael Reese Research Foundation, Chicago. 


Recent clinical evidence in Australia and 
England suggests that pertussis vaccine given 
alone or in combination with diphtheria 
toxoid during the poliomyelitis season results 
in a significantly increased frequency and 
clinical severity of paralysis in the inocu- 
lated limb (1-4). No significant difference was 
“noted between diphtheria toxoid injected 
alone or combined with pertussis vaccine. 
The great majority of the intervals between 
the last inoculation and onset of poliomye- 
litis was less than 30 days. There was no 
evidence that inoculations carried out 3 
months or more before the onset of illness 
had any such effect. In all of the above re- 
ports the usual 1:2 or 1:3 ratio of arm to leg 
paralysis was reversed in young children who 
received prophylactic injections predomi- 
nately in the arms within a 28-day period 
prior to the onset of the disease. A recent 
editorial(5) in the J.A.M.A. summarizes 
clinical reports on the relationship between 
poliomyelitis and prophylactic immuniza- 
tions. 

The present studies were undertaken to 
study the effect of pertussis vaccine alone or 
in combination with diphtheria toxoid on the 
incubation period of Swiss mice inoculated 
with the Lansing strain of poliomyelitis virus. 
Experiments showing the effect of vaccinating 
Lansing virus infected mice with Salmonella 
typhimurium vaccine were also done. 

Materials and Methods. Groups of Swiss 
mice (Plymouth strain) weighing 13 to 15 g 
were inoculated intracerebrally with approxi- 


* Supported in part by the Michael Reese Research 
Foundation. Read before the Society of American 
Bacteriologists, May 29, 1951, Chicago, Ill. 

1. Martin, J. K., Arch. Dis. Childhood, 1950, v25, 1. 

2. McCloskey, B. P., Lancet, 1950, v1, 659. 

3. Geffen, D. B., M. Officer, 1950, v83, 137. 

4. Hill, A. B., and Knowelden, J., Brit. M. J., 1950, 
ies Li 

5. Editorial, J.A.M.A., 1950, v144, 240. 


mately 10 LDs9 units of the Lansing strain 
of poliomyelitis virus. The identity of the 
Lansing strain used was verified periodically 
by neutralization tests with hyperimmune 
Lansing antiserum. Mice inoculated in each 
experiment varied from 20 to 80 in number 
and were equally divided into vaccinated and 
control animals. The test mice were vac- 
cinated intraperitoneally on the first, third, 
and fifth days after virus inoculation with 
0.5 cc of pertussis vaccine containing 7.5 
billion organisms or 0.25 cc combined alum 
precipitated diphtheria toxoid and _ pertussis 
vaccine (3.75 billion organisms). The alum 
precipitated diphtheria toxoid contained % 
of a human immunizing dose. A few experi- 
ments were also carried out in which the mice 
were injected intraperitoneally with 0.25 cc 
of alum precipitated diphtheria toxoid alone 
or plain diphtheria toxoid. The alum pre- 
cipitated toxoid contained % of a human im- 
munizing dose, while the plain toxoid con- 
tained 1/12 of a human immunizing dose. 
The pertussis vaccines and diphtheria toxoids 
used were biological products prepared by 
the Illinois Department of Public Health for 
human use and were obtained through the 
courtesy of Dr. H. J. Shaughnessy and Mr. 
John Neal. The control mice in most ex- 
periments were inoculated intraperitoneally 
(0.5 cc) with nutrient broth after the same 
intervals. 

The Salmonella typhimurium vaccine which 
was used was prepared from a 24 hour culture 
grown on trypticase agar, killed by heating 
at 56°C for 1 hour, and adjusted to a sus- 
pension containing approximately 1 billion 
organisms per cc with 0.85% saline solution. 
The vaccine was preserved with 1:10,000 
merthiolate and stored in the refrigerator at 
POMS Ce 

Results. Pertussis Vaccine and Diphtheria 
Toxoid. Results obtained in a series of 16 
experiments carried out by technician A are 
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Chart I _EFFECT of PERTUSSIS & OLIGMELRS 


Av. Days Onset 


(Results of Tech. A 
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given in Chart 1. The chart shows the aver- 
age incubation period in days after virus 
inoculation for onset of paralysis in the con- 
trol and various vaccinated mice. The range 
of incubation period for both groups varied 
from 3 to 30 days. Over 500 mice were 
studied in this series, and there was a mini- 
mum of 10 mice in each group of control 
or vaccinated mice in every experiment. Mice 
in the first 8 experiments were inoculated 
with the same pool of Lansing virus, while 
those in the second group of 8 experiments 
Chart IZ EFFECT of SALMONELLA VACCINATION 


OLIOMYELITIS 
Onset of Paralysis 


Days 
vite [J Control lil Salmonella 
16 
Results of 
12 Tech. 
8 
ExpNo.: 1 A 3 4 
20 
16 Results of 
Tech. B 
2 ‘ 
8 
: 1 
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received a different batch of virus. Chart | 
also shows the results obtained in identical 
experiments carried out independently by 
technician B. Technician B, however, used 
a different pool of Lansing virus. The graphs 
in Chart 1 show that a consistent significant 
reduction in the average incubation period 
before onset of paralysis was obtained in 
all experiments in which mice were vaccinated 
with pertussis vaccine alone or combined with 
alum precipitated diphtheria toxoid. Statis- 
tical analysis of these data was carried out 
by Dr. Herbert Silverstone using the Student- 
Fisher t test.t According to Dr. Silverstone 
the differences obtained between the vacci- 
nated mice and controls in all experiments 
except with the alum precipitated toxoid alone 
in experiment 16 are significant because /the 
probability value (P) varied from < 0.01 to 
< 0.001. There was no significant difference 
between the groups of mice receiving pertus- 
sis vaccine alone or the pertussis-diphtheria 
toxoid mixture. Moreover, there was no sig- 


t As the variance of each experimental group was 
proportional to the mean, the statistical tests of sig- 
nificance were conducted with the logarithms of the 
days of paralysis. The mean values presented are the 
geometric means. (Bartlett, M. S.; Biometrics, 1947, 
v3, 39). 
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nificant difference in average survival time 
after onset of paralysis between the control 
and vaccinated mice in most experiments. 


Salmonella Vaccine. We reported(6) that 
autolyzed brain diluent shortens the incuba- 
tion period and facilitates the transfer of ex- 
perimental poliomyelitis. Since then we and 
others have been unable to reproduce these 
results. We noted, however, that at the time 
that we carried out the original experiments 


‘with the autolyzed brain diluent the strain 


of mice (CFW) which we used were infected 
with Salmonella typhimurium. The signs of 
the infection were readily controlled by feed- 
ing the mice sulfadiazine, although the car- 
rier state persisted. It occurred to us that 
perhaps it was the Salmonella rather than the 
autolyzed brain which was responsible for the 
enhancing effect, especially since it was found 
that feeding sulfadiazine to virus inoculated, 
Salmonella-free mice had no significant effect. 
In order to test this hypothesis, a heat-killed 
S. typhimurium vaccine containing one bil- 
lion organisms per cc was prepared and in- 
jected intraperitoneally (0.5 cc) following 
virus inoculation in the same manner as de- 
scribed in the pertussis-diphtheria toxoid ex- 
periments. The results obtained were too 
equivocal to be significant although some ex- 
periments were highly suggestive. 


Recently we have repeated these experi- 
ments by inoculating the Salmonella vaccine 
intravenously instead of intraperitoneally. 
Groups of mice were inoculated intracere- 
brally with approximately 5 LDs5 units of 
Lansing virus. On the first and third days 
following the virus injection, they were inocu- 
lated intravenously with 0.1 cc of Salmonella 
vaccine (100 million organisms). The inocu- 
lated mice showed little or no reaction to the 
Salmonella vaccine. Similar numbers of mice 
were used in the control and vaccinated 
groups as for the pertussis-diphtheria toxoid 
experiments. The results obtained by tech- 
nicians A and B working independently are 
shown in the graphs of the 7 experiments 
which were done in Chart II. Except for the 


6. Milzer, A., and Byrd, Jr., C. L., Science, 1947, 
v105, 71. 
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results obtained: in Exp. 1 by technician B, 
Dr. Silverstone states that the results are 
statistically significant in analysis by the t 
test. The probability value (P) varied from 
<0.01 to <0.02. In other experiments it was 
found that Salmonella vaccine inoculated in- 
tracerebrally (0.03 cc) at the same intervals 
following virus inoculation had a similar effect 
in decreasing the incubation period. 
Discussion. These experiments indicate 
that pertussis vaccine given alone or in com- 
bination with alum precipitated diphtheria 
toxoid by intraperitoneal injection after pre- 
vious intracerebral inoculation with the Lan- 
sing strain of poliomyelitis virus significantly 
decreased the incubation period before onset 
of paralysis. There was no significant differ- 
ence between the mice vaccinated with per- 
tussis vaccine or the pertussis-diphtheria tox- 
oid combination. Alum precipitated diph- 
theria toxoid alone also significantly reduced 
the interval before onset of paralysis in 2 out 
of 3 experiments. It was impractical to in- 
ject the vaccines in the extremities in these 
experiments in order to determine the site of 
onset of paralysis and thereby duplicate the 
clinical observations. Obviously, a large in- 
oculum would lead to disuse of the limb and 
confuse the findings. Perhaps the use of 
larger animals such as the rhesus monkey 
would successfully overcome this difficulty. 
The fact that we were also able to show 
that heat-killed Salmonella typhimurium vac- 
cine injected intravenously after previous in- 
tracerebral Lansing virus inoculation also sig- 
nificantly decreased the interval before onset 
of paralysis in 6 out of 7 experiments may in- 
dicate that the effect of vaccination on polio- 
myelitis is a nonspecific stress stimulus. Pos- 
sibly the mechanisms involved are similar to 
those in the so-called “alarm reaction,” 7.e., 
the higher incidence and more severe paralysis 
which occurs in monkeys subject to fatigue 
and chilling during the incubation period of 
poliomyelitis(7). We are unable to explain 
our observation that intraperitoneal inocula- 
tion of the Salmonella vaccine gave equivocal 
results, while the intravenous or intracerebral 


7. Levinson, S. O., Milzer, A., and Lewin, P., A oy 
J. Hygiene, 1945, v42, 204. 
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routes were effective. 
we now believe that it was the Salmonella in- 
fection in our stock mice rather than the auto- 
lyzed brain diluent which was responsible for 
the apparent enhancing effect of the latter 
which we previously reported (6). 

When the present studies were nearly com- 
pleted, the paper by Findlay and Howard(8) 
appeared in which they reported similar find- 
ings in mice injected with diphtheria toxoid 
or pertussis vaccine plus diphtheria toxoid 
following intracerebral inoculation with the 
Lansing strain of poliomyelitis virus. Their 
experiments differed from ours, however, in 
that all of the vaccines were given intraven- 
ously rather than intraperitoneally. They 
also reported that T.A.B. vaccine given intra- 
venously had a similar effect. 

Summary. Swiss mice infected intracere- 
brally with the Lansing strain of poliomyelitis 


8. Findlay, G. M., and Howard, E. M., J. Path. 
and Bact., 1950, v62, 371. 
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virus show a significantly decreased incuba- 
tion period before onset of paralysis following 
intraperitoneal inoculation with pertussis vac- 
cine, pertussis-diphtheria toxoid or diphtheria 
toxoid alone. The results obtained were based 
on a series of 20 experiments carried out by 


‘2 technicians working independently and in- 


volving over 650 mice. Similar results were 
also obtained-in 6 out of 7 other experiments 
in which infected mice were injected intra- 
venously with Salmonella typhimurium vac- 
cine. Evidence is presented that Salmonella 
typhimurium is apparently responsible for the 
previously reported enhancing effect of auto- 
lyzed brain tissue diluent. 

Addendum. We have found that 30,000 
units of procaine penicillin G in peanut oil 
given intraperitoneally at the same intervals 
as the pertussis vaccine had no significant 
effect on the incubation period before onset 
of paralysis. 
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Beneficial Effect of Liver Feeding on Swimming Capacity of Rats in 
Cold Water.* (18824) 


BENJAMIN H. ERSHOFF. 
From the Emory W. Thurston Laboratories, Los Angeles, Calif. 


Considerable data are available indicating 
that in addition to the known nutrients sub- 
stances are present in our diet which may be 
required in increased amounts during condi- 
tions of stress. ‘Such factors are apparently 
dispensable under normal conditions, or their 
requirements are so small they may readily 
be met by amounts present in the diet or 
through the synthetic activity of the intestinal 
flora or the animals’ own tissues. Certain 
drugs or other “stress factors” may, however, 


* This paper reports research undertaken in co- 
operation with the Quartermaster Food and Con- 
tainer Institute for the Armed Forces, has been 
assigned number 341 in the series of papers approved 
for publication. The views or conclusions contained 
in this report are those of the author. They are 
not to be construed as necessarily reflecting the 
views or indorsement of the Department of the Army. 


increase requirements for these substances to 
such an extent that deficiencies occur, mani- 
fested by retarded growth or tissue pathology, 
and preventable by the administration in ap- 
propriate amounts of the missing nutrient 
(1,2). Whole liver is a potent source of such 
unknown nutrients. In the present communi- 
cation data are presented which indicate that 
whole liver contains a factor, apparently dis- 
tinct from any of the known B vitamins, 
which significantly increased the capacity of 
rats to withstand the stress of swimming in 
cold water. 

Procedure. The basal ration employed in 
the present experiment consisted of sucrose, 


1. Ershoff, B. H., Physiol. Rev., 1948, v28, 107. 

2. Ershoff, B. H., Nutrition Fronts in Public 
Health, 1951. The National Vitamin Foundation, 
Inc., New York. 
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61%; casein,t 24%; salt mixture? 5%; 
cottonseed oil (Wesson), 10%, and the fol- 
lowing synthetic vitamins per kg of diet: 
thiamine hydrochloride, 20 mg; riboflavin, 
20 mg; pyridoxine hydrochloride, 20 mg; cal- 
~cium pantothenate, 60 mg; nicotinic acid, 60 
mg; ascorbic acid, 200 mg; 2-methyl-naphtho- 
quinone, 10 mg; and choline chloride, 2 g. To 
each kg of diet were also added 8000 U.S.P. 
units of vit. AS and 800 U.S.P. units of vit. 
'D.\i The vitamins were added in place of an 
equal amount of sucrose. Each rat also re- 
ceived once weekly a supplement of 4.5 mg 
alphatocopherol acetate. In addition to the 
basal ration the following diets were also em- 
_ ployed: (1) basal ration plus the following 
additional vitamin supplements per kg of 
diet: thiamine hydrochloride, 20 mg; ribo- 
flavin, 20 mg; pyridoxine hydrochloride, 20 
mg; calcium pantothenate, 60 mg; nicotinic 
acid, 60 mg; biotin, 5 mg; folic acid, 10 mg; 
p-aminobenzoic acid, 400 mg; inositol, 800 
mg; and vit. Bys, 150 wg; and (2) basal ration 
plus 10% whole liver powder.1 The vitamin 
supplements and the whole liver powder were 
_ added in place of an equal amount of sucrose. 
Sixty female rats of the Long-Evans strain 
were selected for the present experiment at 
22 to 25 days of age and an average weight 
of 44.2 g. Animals were kept in metal cages 
with raised screen ‘bottoms to prevent access 
to feces and were fed the above diets ad lib. 
(20 animals per group). Diets were made up 
weekly and stored under refrigeration when 
not in use. Animals were fed on alternate 
days. All food not consumed 48 hours 
after feeding was discarded. These measures 
were employed to minimize oxidative changes 
in the diet. After 12 weeks of feeding the 
following body weights were obtained for rats 
in the various dietary groups: Basal ration, 
215.4 + 6.8 g;** basal ration plus B vita- 


7 Vitamin Test 
Chagrin Falls, O. 

t+ Hubbel, Mendel and Wakeman Salt Mixture, 
General Biochemicals, Chagrin Falls, O. 

§ MYVA-DRY Powder, Distillation Products, 
Rochester, N. Y. 

|| HY-DEE Powder, Standard Brands, New York. 

{| Desiccated Liver, Armour & Co., Chicago, Ill. 
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mins, 228.8 + 9.0 g;** and basal ration plus 
10% whole liver, 247.7. 6.9 g.** Subsequent 
to this period swimming tests were conducted 
on all animals. The procedure employed was as 
follows: Rats were placed in a barrel approxi- 
mately 33 inches in height and 28 inches in 
maximum diameter, with smooth vertical 
sides, and filled to a depth of 18 inches with 
water. Tests were conducted at a water tem- 
perature of both 36°C and 20°C. Eight rats 
from each dietary group were tested at the 
higher temperature; the remainder (12 ani- 
mals per group) at the lower. Measurements 
were made of the length of time that rats 
would swim before remaining submerged for 
a period of 15 seconds. 

The selection of the end point was based on 
preliminary studies in which it was observed 
that rats almost never remained submerged 
below the surface of the water for more than 
5 seconds and almost never for more than 10 
seconds of their own accord. As the end point 
of a swim was approached, the rat would sub- 
merge for periods of 5 to 10 seconds with in- 
creasing frequency and could reach the sur- 
face only with obvious difficulty. Of 30 rats 
tested only 2 rose to the surface after remain- 
ing submerged for a period of 15 seconds; 
and these swam for less than 50 seconds be- 
fore submerging again, at which time they 
drowned. Rats remaining below the surface 
for more than 15 seconds almost invariably 
drowned. 


Results. No significant difference was ob- 
served in the swimming performance of rats 
on the various dietary regimes at a water 
temperature of 36°C. All of the rats in each 
dietary group survived a test period of 120. 
minutes at the end of which they were still 
swimming. When tests were conducted at a 
water temperature of 20°C, however, a signifi- 
cant difference was observed between the 
various dietary groups. Rats which had been 


fed the basal ration swam an average of 13.3 


** Including standard error of the mean calculated 


Sd2 
— /Vn where “d” is the devia- 
ist 

tion from the mean and “n” 


vations. 


as follows: | 
| 


is the number of obser- 


490 


minutes (range 5 to 29 minutes) ; those which 
received the basal ration plus B vitamin diet 
swam 13.4 minutes (range 10 to 23 minutes) ; 
only 3 of 12 rats tested in the liver group, 
however, swam for less than 2 hours (63, 83 
and 87 minutes); all other rats in this group 
were still swimming at the end of 120 minutes 
at which time the test was discontinued. 

No data are available to indicate what fac- 
tors were responsible for the improved swim- 
ming performance of rats on the liver ration 
at a water temperature of 20°C. Differences 
in the rate or degree of heat loss between the 
various groups while swimming in water at a 
temperature of 20°C did not appear to be re- 
sponsible for the diverse effects. In this series 
the body temperature of rats (as determined 
rectally in a subsequent experiment) rapidly 
fell from an initial value of 37°-37.5°C to 
23°-25°C. The rate of fall was approxi- 
mately 1°C per minute for rats fed the basal 
ration or the basal ration plus vitamin diet 
and somewhat less (about 0.6°-0.7°C per 
minute) for rats in the liver group. After 30 
minutes, however, the body temperature of 
rats fed the liver-containing diet was as low 
or lower than that of rats in other groups; 
nevertheless, these animals continued to swim 
for a prolonged period of time. At a water 
temperature of 36°C no significant changes in 
body temperature occurred on any of the diets 
employed. 

Swimming tests were repeated on the 4th 
and 7th day after the initial test on all rats 
under conditions similar to those first em- 
ployed. No improvement resulted in succes- 
sive tests in the swimming performance of rats 
in the 20°C series on either the basal ration or 
basal ration plus B vitamin diet. The average 
swimming time of rats in these groups for the 
2nd and 3rd test did not differ by more than 
3 minutes from that obtained in the initial 
test. Similarly no significant differences oc- 
curred in other groups between the first and 
subsequent tests. 


Swimming tests were also conducted with 
rats similar in age and weight to those em- 
ployed above but which had been raised from 
weaning on a natural food ration.tt At a 
water temperature of 36°C all rats tested (6 


LIVER AND SWIMMING ‘CAPACITY 


animals) swam for 120 minutes at which time 
the test was discontinued. At a water tem- 
perature of 20°C, the average swimming time 
of 8 rats was 24.7 minutes (range 15 to 39 
minutes). The average swimming time of 
rats fed the natural food ration was approxi- 
mately twice as long at a water temperature 
of 20°C as that of comparable animals fed the 
basal ration or basal ration plus B vitamin 
diet; it waS stiN significantly less, however, 
than that of rats fed the liver-containing ra- 
tion. It would appear, therefore, that such 
protective factors as may have been present in 
the natural food ration were not present in 
sufficient amounts for an optimal effect. 


Experiments similar to the above were also 
conducted with young rats. Forty-eight fe- 
male rats of the Long-Evans strain were se- 
lected at 21 to 23 days of age and an average 
body weight of 42.4 g and were fed ad lib. the 
3 experimental diets employed above (16 ani- 
mals per group). After 24 days of feeding 
the average body weight of rats in the various 
groups was as follows: Basal ration, 138.1 g; 
basal ration plus B vitamins, 146.4 g; and 
basal ration plus whole liver, 149.2 g. Swim- 
ming tests were conducted at this time on all 
rats. At a water temperature of 36°C, all 
rats tested (6 animals in each dietary group) 
swam for 120 minutes at which time the test 
was discontinued. At a water temperature of 
20°C, rats fed the basal ration swam an aver- 
age of 9.8 minutes (range 6 to 13 minutes) ; 
those on the basal ration plus B vitamin diet 
an average of 10.7 minutes (range 7 to 15 
minutes); and those on the liver-containing 
ration an average of 37.4 minutes (range 9 to 
155 minutes) (10 rats per group). The bene- 
ficial effect of liver on the swimming capacity 
of rats at a water temperature of 20°C was 
thus evident in young animals as well as 
adults. Three of the rats in the liver group, 
however, swam for less than 15 minutes and 
did not differ significantly in swimming ca- 
pacity from animals on the basal ration or 
basal plus B vitamin diet. It would appear, 
therefore, that more than 24 days of feeding 
is required, under conditions of the present 


tt Purina Laboratory Chow, Ralston Purina Co., 
St. Louis, Mo. 


experiment, for liver to exert its optimal effect. 

Subsequent experiments were conducted in 
an effort to determine whether the greater 
swimming capacity of rats on the liver ration 
at a water temperature of 20°C was due to an 
increased production of adrenal cortical hor- 
mone(s). Eighteen female rats of the Long- 
Evans strain were selected at 23 to 25 days of 
age and fed ad lib. the basal ration plus B 
vitamin diet employed above. After 12 weeks 
of feeding the animals were divided into 3 
groups and swimming tests were conducted at 
a water temperature of 20°C (6 animals per 
group). Each rat in group I received an in- 
traperitoneal injection of 5 mg ACTH+? 30 
minutes before the test; each rat in group II 
received an intraperitoneal injection of 5 mg 
cortisone acetate§$ seven minutes before the 
test; rats in group III served as untreated 
controls. No significant difference was ob- 
served in the swimming performance of rats in 
the various groups. The average swimming 
time of animals in group I was 11.8 minutes; 
in groups II, 11.4 minutes; and in group III, 
12.6 minutes. It would appear, therefore, 
that an increased production of ACTH or 


+} ACTHAR, Armour and Co., Chicago, Ill. The 
material employed was diluted with saline solution to 
a concentration equivalent to 5 mg of the standard 
LA-1-A per ce. 

§§ Saline Suspension of Cortone Acetate, Merck 
and Co., Rahway, N. J. Each cc contained 25 mg 
of cortisone acetate. 
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cortisone in response to stress was not the 
cause of the greater swimming capacity of 
rats fed the liver-containing diet at a water 
temperature of 20°C, ; 


Discussion. Findings indicate that imma- 
ture rats raised to maturity on a purified ra- 
tion containing 10% whole liver powder swam 
for a significantly longer time at a water tem- 
perature of 20°C than rats fed a similar ration 
in which the B vitamins were provided in syn- 
thetic form. The beneficial effect of liver was 
apparently not due to its content of known B 
vitamins. Available data do not indicate, 
however, whether its protective effect was due 
to an unidentified factor or to its content of 
known nutrients. In view of the fact that 
military personnel and others may on occasion 
be forced to spend prolonged periods of time 
in water at a itemperature of 20°C or below, 
it would appear that the identification of a 
factor which might be employed to increase 
resistance to this form of stress may have con- 
siderable practical value. 


Summary. Immature rats raised to matur- 
ity on a purified ration containing 10% whole 
liver powder swam for a significantly longer 
period at a water temperature of 20°C than 
rats fed a similar ration containing the B vita- 
mins in synthetic form. The protective factor 
in liver was distinct from any of the known 
B vitamins. 
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(Introduced by G. W. Thorn.) 


From Medical Clinics, Peter Bent Brigham Hospital, and Department of Medicine, 
Harvard Medical School. 


Administration of ACTH in sufficient dos- 
age induces numerous metabolic changes. Re- 
ports of the effect of this hormone on the 


* The author is indebted to Drs. Albert E. Renold 
and Peter H. Forsham for continued interest in this 
study, and to Dr. H. Cluxton, of the Armour 
Laboratories, Chicago, IIl., for the ACTH used in 
this work. 


coagulation time of whole blood, however, 
have been conflicting. Cosgriff e¢ al. conclude 
that ACTH shortens the clotting time, in- 
duces hypercoagulability and a state condu- 
cive to thromboembolic complications(1). 
Smith et al., on the other hand, reported a 


1. Cosgriff, S. W., Diefenbach, A. F., and Vogt, W., 
Am. J. Med., 1950, v9, 752. 
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FIG. 1. Changes in whole blood clotting time on intravenous ACTH. 


prolongation of the clotting time(2). Al- 
though these authors showed an increase in 
circulating heparin-like factors following 
ACTH administration, no change in prota- 
mine titration was found by the other group. 
Neither could find any significant alteration 
in 2-stage prothrombin values. Ac-globulin, 
prothrombin time or anti-fibrinolysin. These 
previous reports conflict primarily on inter- 
pretation of changes in the whole blood clot- 
ting time. This apparently simple test can be 
easily misleading. In the present experiments 
a carefully controlled and sensitive, modified 
Lee-White test of whole blood coagulability 
was applied in order to evaluate possible 
changes induced by ACTH administration. 
Methods. The clotting time of whole blood 
was determined by a technic modified from 
that of Allen(3). Venepuncture is made with 
a No. 20 (or larger bore) needle and a dry 
syringe with minimal blood stasis. After re- 
leasing the tourniquet, at least 2 ml of blood 
is drawn into the initial syringe. This syringe 
is then removed from the needle and an oiled 
syringe, in which the “dead” space is filled 
with mineral oil, is substituted. Five ml or 
more of blood is then withdrawn gently, with- 
out difficulty and without air bubbles. Tim- 
ing begins when blood enters this syringe. 
When the desired amount is obtained, the 


2. Smith, R. W., Margulies, R. R., Brennan, M. J., 
and Monto, R. W., Science, 1950, v112, 295. 

3, Allen, J. G., Transactions of the Third Josiah 
Macy, Jr., Foundation Conference on Blood Clotting 
and Allied Problems, New York, 1950, p. 213. 


needle is quickly withdrawn from the arm and 
removed from the syringe and one ml of blood 
is run carefully into each of 5 test tubes. Ten 
minutes after blood withdrawal, the first tube 
is tilted horizontally and this is repeated at 
intervals of one minute thereafter until at 
least half of the blood is clotted, as observed 
by giving the tube a sharp snap through a 
90 degree arc, when this becomes necessary. 
When the first tube has reached this end point 
the time is noted and the second tube is tilted 
one minute later and at similar intervals un- 
til its.blood clots. This procedure is repeated 
until the end points for all tubes have been 
obtained. The clotting time recorded for the 
test is the average of the time recorded for 
tubes 4 and 5, the last 2 tubes. The normal 
range was 25-40 minutes, usually 30-35 min- 
utes, by this method. Variations in clotting 
time done at the same time in 2 different sets 
of tubes did not exceed 3 minutes or 10% of 
the average value obtained. It should be 
noted that the test tubes measure 100 x 13 mm 
and are scrupulously cleaned with scrubbing 
and acid chromate before being repeatedly 
rinsed with distilled water. All tests in this 
study were carried out by the same person. 
The possibility existed that mineral oil in the 
second syringe might alter the contacting 
blood. However, when parallel experiments 
were carried out by taking blood directly into 
a third siliconed syringe, after removing suf- 
ficient blood in the oiled syringe, no difference 
in end point was observed between blood col- 
lected in either syringe. Blood collected each 
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TABLE I. Short-Term ACTH Effect on Whole Blood Coagulation Time. 


Coagulation time (min) 


ee 
hr after beginning intra- 
0-4 hr after end muscular ACTH test 
Patient Dose,mg Route Control of intravenous infusion 4 24 48 64 
H. 20 aN. 32 33 
Bb: 20 LV. 35 34 
M. 20 EVs 34 35 
Boe 20 TV: 35 34 
A. 20 1G 36 36 
Ps 20 eae 39 39 
M. 55 IM. 33 34 32 35 35 
A.L. 55 IM. 36 37 37 36 
B. 55 I.M. 35 37 


way was also added to siliconed test tubes, 
but the normal clotting time in the silicone 
tubes was in the range of 2 hours and was 
deemed impractical for the present work. 

Experimental. The possible effects of 
ACTH on the whole blood coagulation time 
were studied from the standpoint of (a) acute, 
short-term administration, (b) prolonged 
therapy, (c) withdrawal, (d) natural or ar- 
tificially induced hypo- and hyper-adrenal 
states. Two studies with cortisone are in- 
cluded. ACTH was administered in 20 mg 
doses in 500 ml solutions by means of an in- 
travenous infusion over an eight hour period 
(4). When the intramuscular route was 
used, 25 mg, followed by 10 mg every 6 hours, 
was given. 

Intravenous ACTH administration to a 
normal subject caused an eosinophil fall to 
less than 5% of the control value, while the 
coagulation time remained unchanged (Fig. 
1). Similarly, in 6 patients (Table I) no 
change in the coagulation time was observed 
at the end of the 8-hour administration period 
or within the following 4 hours, when maximal 
metabolic effects are present During intra- 
“muscular ACTH administration the coagula- 
tion time was determined at 0, 4, 24 and 48 
hours and no significant change was observed. 

Four patients were studied during 2-3 week 
periods of therapy. The findings are charted 
in Table II. No alteration or trend was noted 
during prolonged ACTH administration. It 
should be emphasized that these patients 
showed evidence of maximal adrenal stimu- 


4, Renold, A. E., Forsham, P. H., Maisterrena, ne 
and Thorn, G. W., New Eng. J. Med., 1951, v244, 796. 


lation, as evidenced both by clinical response 
and by increase in the urinary 17-ketosteroid 
excretion. These patients were also followed 
after cessation of therapy (Table II) with an 
inconsistent suggestion of prolonged clotting. 
This was not considered significant. 

Studies were done in pathologic conditions 
which are characterized by abnormal adrenal 
cortical activity. Neither a patient with Ad- 
dison’s disease nor two patients maintained on 
cortisone following bilateral adrenalectomy 
showed unusual coagulation time (Table III). 
Patients with natural and induced Cushing’s 
syndrome were also without abnormalities in 
the whole blood clotting time. 

Two patients treated with large doses of 
cortisone, given by mouth and by intramus- 
cular injection, showed no coagulation changes 
(Table II). 

Discussion. In contrast to 2 previous but 
contradictory reports, the present investiga- 
tion showed no significant change in the whole 
blood coagulation times in normal subjects 
and in patients receiving ACTH. Two dif- 
ferences contrast this and the previous re- 
ports. The intramuscular route of adminis- 
tration was utilized in the earlier work, while 
the intravenous route was primarily adopted 
in this study. However, the intramuscular 
technic was used in a few cases and no differ- 
ences were observed. Also, the intravenous 
route, while using less total ACTH, has been 
demonstrated to be a more effective way of 
stimulating the adrenal cortex (4). 

Further, the methods of determining the 
coagulation time in the previous investigations 
are somewhat different from ours. The value 
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TABLE II. Long-Term Effect of AOTH and Cortisone on Whole Blood Coagulation Time. 


Dail 
evs Drug ~——_Day of therapy. Day after therapy 
Patient Sex Diagnosis (mg) route Control 1 2-4 5-7 8-10 11-15 16-21 1 2 3 49 10-lo 
F, M_ Spinal cord 20 2 ASV 35 36 36: esl ae oe 34 38 36 
tumor 
M. M Rheumatoid 20 eA Vie 35 Bo 342. 31-88 38 43 39 
arthritis 
J. F Acute rheu- 20 ACL VE 36 34 34 35 36 
matic fever 
G. M ne 20° - ALY. 38 40 31 33 
J. my eg 400 C* P.O. 33 34 31 Oa 
B F Rheumatoid 500 CLM. ——32 Baier acl met), 


arthritis 


* A— ACTH. C= cortisone. 


TABLE III. Whole Blood Coagulation Time in 
Abnormal Adrenal States. 


Clotting 
time 
Patient Diagnosis (min) 
C. Addison’s disease 34 
H. 100 mg cortisone/day; bilat. 34 
adrenalectomy, 52 days post- 
operative 
K. 25 mg cortisone/day; bilat. 35 
adrenalectomy, 75 days post- 
operative 
A.  Cushing’s syndrome 30 
M. After 10 mo continuous ACTH; 37 


dermatomyositis ; 
syndrome 


Cushingoid 


and pitfalls of the whole blood coagulation 
time determination have been discussed in 
some detail elsewhere(5-7). The need for 


5. Lee, R. I., and White, P. D., Am. J. Med. Sci., 
1913, v145, 495. 

6. Quick, A. J., Honorato, R., and Stefanini, M., 
Blood, 1948, v3, 1120. 

7. Barker, N. W., and Margulies, H., Transactions 
of the Second Josiah Macy, Jr., Conference on Blood 
Clotting and Allied Problems, New York, 1949, p. 
106. 


Studies on Estrogen Tri-p-anisylchloroethylene. 


elimination of tissue juice contamination 
should be especially emphasized. In 3 in- 
stances during this study blood did not flow 
freely into the second syringe and there was 
some question as to whether the open end of 
the needle was completely within the vein, 
having either incompletely entered or pierced 
it. Clotting times in each instance were less 
than 22 minutes and immediate repetition of 
the test using a good draw from another vein 
gave clotting times well within the normal 
range. Bubbles and dirty glassware may also 
accelerate the coagulation process. Oily test 
tubes may prolong clotting. 


Summary. A reproducible sensitive test, 
which minimizes contamination with thrombo- 
plastically active tissue juices is outlined for 
determination of the whole blood coagulation 
time. No significant alteration of the coagu- 
lation time was found with the administration 
of ACTH to human subjects or in patients 
with hypo- or hyper-adrenocorticism when 
this method was used. 
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CuarLEs R. THOMPSON AND HaroLtp W. WERNER. 
From the Research Laboratories, The Wm. S. Merrell Co., Cincinnati, O. 


Laboratory studies have demonstrated that 


* Trademark of The Wm. S. Merrell Co. Tace was 
prepared by M. G. Van Campen in the Organic Re- 
search Laboratories of this Company. 


tri-p-anisylchloroethylene (Tace*), like other 
estrogens, causes estrogenic changes in the 
mammary gland, uterus, and vagina, sensitizes 
the uterus to progesterone, produces abortions 


STUDIES ON TRI-p-ANISYLCHLOROETHYLENE 


TABLE I. Duration of Estrogenic Activity in 
Castrate Female Rats. Periods shown are the 
times at which one-half of the animals no longer 
_ exhibited an estrogenic vaginal smear. 18 animals 
in each series. 


Median 
dura- 
-—Dose—, tion, 
Route Compound mg R.U. days 
Oral Tace 1 47 2 
5) 9238 17 
Hexestrol 1 83 3 
5 415 2 
Diethylstil- at 333 
bestrol 5 1666 3 
Subcutaneous Tace 1 18 53 
Hexestrol 1 2857 2 
Diethylstil- 1 2500 3 
bestrol 


in rats, does not alter thyroid abnormalities 
from thiourea administration and inhibits the 
gonadotropic hormone production by the 
pituitary of castrate female rats in parabiosis. 

Preliminary experiments(1) in these labora- 
tories indicated there are important differences 
between the pharmacology of Tace and the 
better known estrogens. 

Experimental. Duration of action in rats. 
Data in Table I demonstrate that Tace is long 
acting following either large oral doses or 
comparatively small subcutaneous doses and 
short acting in small oral doses. Hexestrol 
and diethylstilbestrol are short acting in large 
or small oral and subcutaneous doses. 

Duration of action in monkeys. Results of 
typical experiments in monkeys (Fig. 1) 
demonstrate that oral doses of 7.0 mg of Tace 
and 35 mg of hexestrol produce similar changes 
in vaginal smears, and uterine bleeding occurs 
at approximately the same time. A single 
large oral dose of 70 mg of Tace is long acting. 
The vaginal changes during tthe first 15 days 
are similar to those produced by the 7.0 mg 
dose of Tace. On the fifteenth day the vaginal 

cytology is typical of the castrate animal. 
However, without additional dosing, another 
period of estrogenic activity commences and 
the vaginal cytology remains indicative of 
estrogenic activity until approximately the 
thirty-fifth day. 


Elimination. Results of preliminary work 


‘compound. 
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in monkeys and the data for a complete experi- 
ment in one monkey and in rats (Table II) 
demonstrate animals administered hexestrol 
orally excrete only small amounts of estrogenic 
material. Elimination is primarily in the urine 
and is completed within three days. Large 
amounts of estrogenic material are recovered 
from the excreta of the monkey administered 
Tace orally. The greater part is eliminated 
in the feces during the first 3 days, but con- 
siderable amounts are recovered up to 30 
days after a single oral dose. Similarly in 
rats, fecal elimination of estrogenic material 
is high during the first day, but considerable 
amounts of estrogenic material are recovered 
as long as 10 days after oral administration. 
The recovery of estrogenic material equivalent 
in potency to considerably more than the ac- 
tivity of the administered dose of Tace means 
that the excreted estrogen must be a metabolic 
product of greater potency than the parent 
This is indicated also by the 
fact that the estrogen in the feces is short act- 
ing. This was demonstrated by administering 
the fecal estrogen orally to 20 castrate female 
rats in doses equivalent to 5.0 mg of Tace. 
The duration of action was 4 days as com- 
pared to 21 days for an equivalent dose of 
Tace. It is conceivable that the estrogen 
eliminated in the feces during the first few 
days following oral administration of Tace 
might have been unabsorbed material. How- 
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FIG. 1. Responses of castrate female monkeys to 
single oral doses of Tace (tri-p-anisylchloro- 
ethylene) and hexestrol. 


1. Thompson, C. R., and Werner, H. W., Fed. 
Proc., 1946, v5, 208. 


2. Evans, J. S., Hines, L., Varney, R., and Koch, 
F. C., Endocrinology, 1940, v26, 1005. 
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TABLE II. Estrogenic Content of Ether Extracts of Excreta of Castrate Female Monkeys 
and Rats Determined by the Method of Evans, et al.(2). 


Estrogen recovery expressed as % of dose of estrogen administered 


Days after estro- i Taee———_ 7—— Hexestrol—_, ———Contro|——_,, 
gen adminis. Urine Feees Urine Feces Urine Feces 

Monkeys* 1 8.4 231 mi) 2 0 0 

2 8.7 200 2 0 0 0 

3 4.3 30 a 0 

4 1.2 0 

5-7 9 18 0 0 

8-10 6 6 (ag 

11-14 4 2 

15-29 6 

30-36 1.4 

Total 24.5 494.4 8 “2 

Ratt 1 a6 110 22 0 0 0 

5 0 2 0 0 0 0 

10 0 201 0 0 0 0 


* One monkey received single oral dose of 70 mg of Tace and one monkey single oral dose 


of 35 mg of hexestrol. 


+ Avg values for dose groups of 4 rats administered three 5 mg oral doses of Tace and hex- 


estrol in one day. 


TABLE III. Avg Estrogenic Concentration in 
Body Fat of Groups of 4 Castrate Female Rats 
Administered Three 5 mg Oral Doses of Tace and 


Hexestrol in One Day. Values are biologic equiv-* 


alent of estrogen administered determined by the 
method of Evans, et al.(2). 


Day following —Mg of estrogen per 100 g fat 


last dose Tace Hexestrol Control 
1 11.4 0 0 
B) 5.9 0) 0 
10 2 0 0 


ever, considerable amounts of estrogenic ma- 
terial must have been secreted into the gastro- 
intestinal tract because (1) estrogenic material 
is‘eliminated in the feces for thirty days or 
more following a single oral dose, (2) the 
eliminated material is short acting orally un- 
like Tace itself, (3) estrogenic material equi- 
valent to 20.8% of the administered dose of 
Tace is recovered from feces of 4 rats during 
a 24-hour period following a single intraperi- 
toneal administration, 

Fat storage. The prolonged effect of Tace 
following oral administration suggests tissue 
storage. Since Robson and Ansari(3) re- 
ported that a,a-bis(p-ethoxypheny]) -8-phenyl- 
bromoethylene was stored primarily in body 
fat, fat storage was studied following Tace 
administration. Considerable amounts of 
estrogenic material are stored in the body fat 


3. Robson, J. M., and Ansari, M. Y., J. Pharm. and 
Exp. Therap., 1943, v79, 340. 


of the rats which receive Tace (Table III), 
and the fat concentration gradually decreases 
over a period of more than 10 days. Hex- 
estrol administration is not followed by storage 
of estrogenic material in body fat. 

Repeated administration. Doses of 5 mg 
of Tace and 0.1 mg of hexestrol were adminis- 
tered subcutaneously 3 times a week for 13 
weeks to groups of 40 normal female rats. 
A complete report on chronic effects will be 
made elsewhere. Both estrogens similarly de- 
press the rate of increase in body weight. 
Uterine and vaginal changes are similar for 
the two compounds and resemble those re- 
ported in the literature for other estrogens. 
Both substances cause lobule-alveolar growth 
and evidence of secretory activity of the 
mammary glands. In general, the mammary 
gland hyperplasia is more pronounced in ani- 
mals administered hexestrol than in those 
administered Tace. 

Average weights of pituitaries, adrenals, and 
ovaries are presented in Table IV. Tace de- 
creases and hexestrol increases the weight 
of the pituitary. Tace causes a slight increase 
and hexestrol a pronounced increase in weight 
of the adrenals. Tace administration results 
in less ovarian atrophy than hexestrol. 

Liver glycogen values (Table V) for rats 
fed ad libitum until sacrificing are not sig- 
nificantly different for the control, Tace, and 
hexestrol groups. The glycogen content of 
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TABLE IV. Avg Organ Wt in mg and Standard Errors for Female Rats Administered Repeated 
Doses of Tace and Hexestrol. 


———Adrenal — Ovary: — 

Group Pituitary Lefit Right Left Right 
Tace 84— .69 25.2 + 1.26 24.8 + 1.12 15.2+ .74 15a = 82 
Hexestrol 26.6 35 1.32" 38.4 + 1.45 Die) Ses} 87+ .46 8.84 .60 
Control 11.4 + 1.16 22.1 + .60 20.2 .61 26.1 + 1.26 26.1 + 1.41 


TABLE V. Glycogen Content of Livers of Female 
Rats Administered Repeated Doses of Tace and 
Hexestrol. 


g glucose per 100 ¢ wet tissue and 
standard errors 


Compound | Fedadlibitum Food withheld 24 hr 
Tace 3.0 + .20 2 04 
| Hexestrol 3.1 + .16 1 + .24 
ouees=y oi Operetta 


Control 


livers of rats receiving no food 24 hours prior 
to sacrificing are considerably greater for the 
hexestrol than for the Tace and control groups. 
Liver glycogen in the fasted group adminis- 
tered Tace is low but significantly greater than 
the value for the control group. This differ- 
ence in glycogenetic activity is related possi- 
bly to a greater effect of hexestrol on the 
adrenals. 

Because of temporal differences in the action 
of Tace and hexestrol, strictly comparable 
physiologic doses cannot be defined. The 
following evidence suggests, however, that the 
differences reported for repeated administra- 
tions probably represent differences in activity 
rather than dosage effects: (1) the doses of 
Tace employed in the chronic experiment 
were very large, and it is well established that 
even small doses of the natural and better 
known synthetic estrogens cause pituitary 
enlargement; (2) the ‘two estrogens had simi- 
lar effects on the weight curves and direct 
estrogen target organs, but Tace had a lesser 
effect on organs in which the action is medi- 
ated through the pituitary. 


Gardner(4) also found that Tace differed 
from a-estradiol benzoate with repeated ad- 
ministration to CC; hybrid mice. Animals re- 
ceiving Tace developed interstitial cell tumors 
of the testes while animals receiving a-estradiol 
benzoate did not. He indicated this differ- 
ence may be related to either a longer survival 
time of Tace-treated animals or to a more 
marked effect, directly or indirectly, on the 
testes. 

Summary. The pharmacology of Tace (tri- 
p-anisylchloroethylene) , a new compound with 
estrogenic activity, differs in important re- 
spects from that of hexestrol which is typical 
of the natural and better known synthetic 
estrogens: (1) Tace does not cause and hex- 
estrol does cause pituitary enlargement in rats; 
(2) Tace has a lesser but similar effect to 
hexestrol on organs in which the action of 
the two compounds is mediated through the 
pituitary; (3) fat storage resulting in long 
activity occurs following oral administration 
of large doses of Tace, while there is no fat 
storage and action is short following hexestrol 
administration; (4) estrogenic material equi- 
valent in biologic potency to more than the 
administered dose of Tace is eliminated with 
the feces, while only small amounts of estro- 
genic material are eliminated following hex- 
estrol administration. 


4. Gardner, W. U., and Boddaert, J., Arch. Path., 
1950, v50, 750. 
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A Specific Soluble Substance Hivolved in Nephrotoxic Nephritis.* (18827) 


Leon R. Cor, WILLIAM J. CROMARTIE, AND DENNIS W. WATSON. 


From the Departments of Medicine and Bacteriology, University of Minnesota, Minneapolis. 


The experimental nephritis induced in rats 
by the injection of anti-rat kidney serum has 
been studied intensively since it was first de- 
scribed by Masugi(1). Smadel(2) obtained 
anti-rat kidney serum by repeated intraperi- 
toneal injections into rabbits of suspensions 
of perfused rat kidney. The anti-rat kidney 
serum when injected intravenously into rats, 
produced either fulminating or chronic ne- 
phritis, depending upon the dosage. This 
nephrotoxic nephritis was well characterized 
‘by Smadel(2,4) and Smadel and Farr(3). 
Little information has been obtained, how- 
ever, as to the exact nature of the kidney an- 
tigen which gives rise to nephrotoxic anti- 
bodies. Swift and Smadel(5) found that when 
a suspension of ground-up kidney was placed 
in the refrigerator for 2 days and centrifuged 
for one-half hour at 2,500 r.p.m. some antigen 
occurred in a layer of suspended particulate 
matter overlying a bottom layer of the more 
solid material. Two investigators have pre- 
sented evidence that the antigen is located in 
the glomeruli and not in other portions of the 
kidney: Solomon eé al.(6), by separating kid- 
ney into glomerular and tubular fractions, 
demonstrated that only the glomeruli could 
absorb the nephrotoxic rabbit serum globulin; 
Pressman et al.(7), in experiments that em- 


* This investigation was supported by a research 
grant from the Division of Research Grants and 
Fellowships of the National Institutes of Health, U.S. 
Public Health Service. ; 

1. Masugi, M., Tr. Japan. Path. Soc., 1929, v19, 
132. 

2. Smadel, J. E., J. Exper. Med., 1936, v64, 921. 

3. Smadel, J. E., and Farr, L. E., J. Exper. Med., 
1937, v65, 527. 

4. Smadel, J. E., J. Exper. Med., 1937, v65, 541. 

5. Swift, H. F., and Smadel, J. E., J. Exper. Med., 
1:93:75 ViO5; 1550 

6. Solomon, D. H., Gardella, J. W., Fanger, H., 
Dethier, F. M., and Ferrebee, J. W., J. Exper. Med., 
1949, v90, 267. 

7. Pressman, D., Hill, R. F., and Foote, F. W., 
Science, 1949, v109, 65. 


ployed radioactive anti-mouse kidney serum, 


demonstrated localization of radioactivity in 
the glomeruli and showed that the anti-kidney 
serum is largely.organ-specific. Eisen et al.(8) 
found that the kidney antigen could not be 
dissolved by a variety of solvents and noted 
its resistance to heat. Loeb et al.(9) produced 
nephritis in the rat by the injection of anti- 
rat placenta serum which had been developed 
in rabbits. 

It is the purpose of this communication to 
report that a substance has been obtained in 
solution from rat kidney which will combine 
with the nephrotoxic antibodies and render 
anti-kidney serum harmless to the rat. This 
material has not previously been obtained in 
solution. Some of the chemical properties of 
this material have been characterized. The 
substance was assayed by absorption in anti- 
kidney serum which was then injected into 
rats. When no nephritis ensued, it was be- 
lieved that the nephrotoxic antibody in the 
serum had combined with a specific soluble 
substance. The fact that it was obtained 
in a soluble form greatly increases the pos- 
sibility of further characterization of the 
substance which is responsible for the phe- 
nomenon of nephrotoxic nephritis. 

Methods and materials. I. Preparation of 
anti-rat kidney serum. Wistar rats weighing 
200 to 300 g were sacrificed and perfused with 
2 liters of 0.85% sodium chloride solution. 
The perfusate entered through a cannula in- 
serted in ‘the thoracic aorta and escaped by 
way of an incision in the vena cava. The 
kidneys were frozen and stored. In prepara- 
tion for injection, kidneys were ground in 
a mortar under aseptic conditions and in- 
jected intraperitoneally into rabbits follow- 
ing the schedule of Smadel(2). Pooled rabbit 
serum was distributed to 2 ml ampules, frozen 


8. Eisen, H. N., and Pressman, D., J. Immunol., 
1950, v64, 487. 

9. Loeb, E. N., Knowlton, A. I., Stoerk, H. C., and 
Seegal, B. C., J. Exper. Med., 1949, v89, 287. 
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in a dry ice-cello-solve solution and stored 
at —70°C. Before use, the serum complement 
was destroyed by heating one half hour at 
56°C and the serum was absorbed 4 times 
with rat red blood cells and plasma. It was 
found that the injection intravenously of 
2 ml into a 150 g rat would cause death 
through renal failure in about 2 weeks. This 
dose was given on one day or on 2 consecu- 
tive days. The onset of nephritis was almost 
always within 24 hours although infrequently 
it was delayed until 96 hours. 

Il. Methods of absorption. 2 ml amounts 
of serum were used in assaying the ability of 
various fractions of the kidney to absorb the 
nephrotoxic antibody. 0.4 ml of material to 
be tested for this capacity was added to the 
serum and allowed to stand in the refrigerator 
from 4 to 9 hours. The serum was then cen- 
trifuged at 2,500 rp.m. for 15 minutes and 
the precipitate discarded. Four or five such 
absorptions were done, making the total 
amount of material added about 1.6 ml. Al- 
most all kidney material tested gave precipi- 
tation, regardless of the extent of removal of 
nephrotoxic antibody. Hence it would appear 
that many antibodies were present which 
were not harmful to the rat. When solid 
material was assayed for antigenic activity, 
4 absorptions were also done. 

Ill. Examination of rats. Wistar rats of 
weight 150 g to 250 g were used. The ab- 
sorbed sera were injected intravenously by 
employing the veins of the tail or feet. Ne- 
phritis was tested for by quantitative 24 hour 
urine protein determinations using the 
Shevky-Stafford method(10), and by histo- 
logical examination of the kidneys. These 
two methods corroborated each other con- 
sistently. Twenty-four hour urine specimens 
were collected in a urine-feces separator and 
one drop of formalin was added as a pre- 
seryative. A series of normal controls estab- 
lished that the 24-hour output of protein 
ranged from 0 to 6 mg. Since an occasional 
larger rat excreted as much as 10 mg, a 
24-hour excretion of 10 mg of protein per 


10. Kolmer, J. A., and Boerner, F., Approved 
Laboratory Technique, Appleton-Century-Crofts, 
Inc., N. Y., Fourth Edition, 1945, p. 133. 
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24 hours was taken as the upper limit of nor- 
mal. In contrast to this finding, rats with 
nephritis usually excreted over 100 mg of pro- 
tein daily. Animals were fasted during urine 
collections. The rats were killed by ether 
anesthesia. The kidneys were fixed in 10% 
formalin and were stained with hematoxylin 
and eosin and with the Hotchkiss connective 
tissue stain. The nephritis produced in our 
rats was essentially the same as that de- 
scribed by Smadel(2-3). Early histological 
changes consisted essentially of enlarged 
glomerular tufts with thickened basement 
membranes and few erythrocytes in the glo- 
merular capillaries. There was a slight in- 
crease in the cellularity of the tufts. 


Experimental. J. Experiments with whole 


‘kidney. Suspension of whole kidney readily 


absorbed out the nephrotoxic antibodies. A 
suspension of half of a kidney was found to 
absorb the antibodies present in 2 ml of 
serum. Lyophilized kidney was equally as 
effective. Lyophilized kidney was placed in 
a Soxhlet apparatus and extracted with a 
mixture of ether-alcohol, 1 part to 3 parts, 
for 8 hours. The material still retained its 
ability to absorb out the nephrotoxic anti- 
body from serum. Because of the results de- 
scribed by Loeb e# al.(9), the capacity of rat 
placenta to absorb sera was tested. Two ml 
of serum was absorbed with a total of 4 
ground-up placentas which had been obtained 
from rats almost at parturition. The absorbed 
serum failed to produce nephritis. Nine rats 
were protected in this manner. In contrast 
to these findings, 2 placentas failed to absorb 
the nephrotoxic antibodies from 2 ml of 
serum. The antigen responsible for the 
nephrotoxic effect thus appears to be present 
in the placenta, though possibly at a lesser 
concentration than in kidney tissue. 

Il. Experiments with solvents. The ex- 
traction of kidney with water, saline, alkaline 
and acid solutions, alcohol or diethylene glycol 


- failed to bring the antigen into solution. Ani- 


mals subject to test with sera which had been 
absorbed with these materials invariably de- 
veloped nephritis. An extract of an auto- 
lysate of kidney prepared by incubation at 
37°C for 36 hours did not contain the antigen. 


id 
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TABLE I. Effect of Absorption of Nephrotoxic Serum with Specific Rat Kidney ene 
Substance upon Excretion of Urinary Protein. 
24 hr urinary protein output 
Source of mate- Days after injection 

Rat rial used for - ———.~ 
No absorption 5 6 10 it 1g 
mg mg mg mg mg 

Test 1 Kidney 6 6 6 

rats 2 4 9 

3 4 6 8 

4 1 ~0 0 

5 —2 ; 8 

6 il 0 0 
Control 7 Muscle 147 Slight ascites 311 
rats 8 61 Anagarea, 151 
2) 147 144 
10 116 pe: 151 
11 130 173 
12 130 Ascites 151 

Ill. Digestion of kidney with trypsin. written a total of 24 rats had been protected 


These experiments led to the production of 
the specific soluble substance in solution and 
hence will be described in detail. Twelve 
kidneys, totaling about 12 g in weight, were 
ground in a mortar, made into a thick paste 
with 0.85% sodium chloride and _ buffered 
with 0.1 M sodium borate to pH 8. To this 
was added 100 mg of crystalline trypsin. The 


suspension was placed in a 37°C incubator ° 


and stirred frequently. Digestion by the 
trypsin caused the pH to drop rapidly. Hence 
a pH determination was performed every half 
hour and borate added to restore the pH to 
8. Incubation was continued for 3 hours, at 
the end of which time little drop in pH was 
being obtained. The suspension was then 
heated in a water bath at 60°C for 30 
minutes to inactivate the trypsin. Since the 
volume of the suspension was about 30 ml 
another 10 ml of 0.85% sodium chloride were 
added so as to fill the large cup of a Spinco 
Preparative Model “L” ultracentrifuge. The 
suspension was centrifuged at 27,000 r.p.m. 
for 35 minutes. This made available a mu- 
coid, homogeneous, clear tea-colored super- 
natant fluid which was pipetted from the 
precipitate. It was found that a total of 
0.75 ml of this clear supernatant would pre- 
cipitate with 2 ml of serum to remove the 
nephrotoxic antibodies. This supernatant in 
5 portions, was added at intervals of from 
4 to 8 hours. At the time this report was 


from nephritis by - precipitating antibodies 
from the sera with this material before in- 
jection. Five different batches of the material 
were prepared by the above method and each 
was found to be effective. 

Three types of control experiments were 
carried out to exclude trypsin activity as the 
protective agent: (1) Twenty-five mg of 
trypsin were dissolved in 10 ml of rat plasma 
and a pH 8 was maintained by the addition of 
a small amount of 0.1 M sodium borate. 
Three samples of serum were absorbed with 
this solution and injected into rats, all of 
whom developed nephritis. (2) To 2 ml of 
serum was added 10 mg trypsin and the serum 
was then absorbed 4 times of 4 hours each 
with rat red blood cells. This serum was 
nephrotoxic to a rat. (3) In the last control 
experiment the procedure for obtaining spe- 
cific soluble substance as described above was 


followed except that 12 g of muscle from the - 


thigh and abdomen were substituted for 12 


g of kidney. A preparation of kidney mate-— 
Six sera. 


rial was made at the same time. 


were absorbed with the supernatant from — 


muscle at the same time that 6 sera were ab- 


sorbed with supernatant from the kidney | 


preparation. 
into rats of 250 g on the same day. The 
results are given in Table I. It can be seen 
that the trypsin-digested kidney preparation © 
gave uniform protection to 6 rats. On the 


The twelve sera were injected 
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other hand the trypsin-digested muscle prepa- 
ration failed to protect; all 6 animals de- 
veloped nephritis. 

Some protected rats have been kept for 
periods of up to 3 weeks without developing 
proteinuria or kidney lesions by histological 
examination. 

IV. Further purification of the super- 
natant of trypsin-digested kidney. The re- 
sults of further attempts to isolate the specific 
soluble substance now in progress will be 
reported in a later communication. Suffice it 
to say at present that the substance is stable 
for several weeks at alkaline pH in the re- 
frigerator, and that it is not sedimented at 
35,000 r.p.m. for 120 minutes in the Spinco 
40 preparative centrifuge. 

Discussion. ‘The studies described above 
suggest that the antigen involved in the pro- 
duction of nephrotoxic nephritis is a sub- 
stance bound within the tissues of the kidney 
by protein molecules, and hence cannot be 
obtained in solution by simple extraction with 
solvents. Digestion with trypsin probably 
destroys the protein which binds the specific 
soluble substance herein described and _per- 
mits it to escape into solution. Possibly the 
antigen concerned is a protein in combination 
with a polysaccharide or lipid and a portion 
of this complex molecule is resistant to trypsin 
because of the non-protein components. We 
are at present attempting to produce nephro- 
toxic antibody by injecting this soluble mate- 
rial into rabbits, and our preliminary re- 
sults indicate that the material is not anti- 
genic. If no such antibody is produced, we 
may assume that trypsin digestion splits off 
a hapten group from a larger antigenic mole- 
cule. If antibodies can be produced to this 
specific soluble substance the entire antigen 
molecule must exist in solution. 
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Nephrotoxic nephritis is an unusual ex- 
perimental phenomenon in that one insult to 
the kidney can produce a chronic and pro- 
gressive disease. Isolation of the specific 
antigen or hapten in purified form will per- 
mit more precise studies of this experimental 
nephritis. Certainly it must have some unique 
properties because only antibodies to it will 
produce this type of nephritis. Antibodies to 
the many other antigens in the rat kidney do 
not produce this picture. The nature of this 
specific substance should be of interest in 
the study of certain diseases such as rheu- 
matic fever, glomerulonephritis, and _ peri- 
arteritis nodosa, which are thought likely to 
be on an allergic basis. 
eases are due to the action of an “autoanti- 
body” upon tissue antigen or hapten, the 
antigenic substance may be of similar nature 
to that which produces nephrotoxic antibody 
when injected into rabbits. At least, it does 
not seem surprising that attempts in the past 
to find antibodies to saline extracts of the heart 
muscle in rheumatic fever patients and to 
saline extracts of kidney tissue in glomerulo- 
nephritis patients, have been fruitless. 


Summary. A specific soluble substance 
which will combine with the nephrotoxic anti- 
body of anti-rat kidney serum was obtained 
in solution. The material was liberated into 
solution by digesting rat kidney with trypsin 
at pH 8. This substance was assayed by its 
ability to absorb antibodies from nephrotoxic 
serum. It protected a total of 24 rats with- 
out failure. Control experiments excluded 
trypsin activity as being the protective sub- 
stance. Further characterization should be 
possible now that this specific material has 
been obtained in solution. 
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Effect of Vitamins E, B,: and Folacin on CCL, Toxicity and Protein 


Utilization in Rats.* 


E. L. Hove ann J. O. Harpin. 


(18828) 


(Introduced by W. D. Salmon.) 


From the Department of Animal Husbandry and Nutrition, Agricultural Experiment Station of 
Alabama Polytechnic Institute, Auburn, Ala. 


Popper, Koch-Weser, and Szento(1) re- 
ported that vit. By. protected against carbon 
tetrachloride damage to livers in rats main- 
tained on an unspecified diet. Previously 
Hove(2) had shown that vit. E protected 
rats against death due to CCl, when the ani- 
mals were reared on a 10% casein diet de- 
ficient in vit. E. Since vit. By. and folacin 
were not added to this diet, it became of 
interest to determine the influence of these 
vitamins on the protective action of vit. E 
against acute OCl, poisoning. 

Experimental. The diets contained a 10% 
protein level as furnished either by water- 
washed commercial casein or by commercial 
solvent extracted soybean meal. The re- 
mainder of the diet consisted of salt mixture 
4%, lard 9%, cod liver oil 1%, and sucrose 
to 100%. Pure vitamins were added in 
amounts such that each gram of diet con- 
tained: thiamine, riboflavin and pyridoxine, 
5 wg each; calcium pantothenate, 25 pg; nia- 
cin 40 yg; choline chloride, 2 mg; i-inositol, 
0.2 mg; and 2-methyl 1-4 naphthoquinone, 
2 pg. These diets were supplemented as in- 
dicated with DL-q-tocopheryl acetate, vitamin 
By as furnished by a Fuller’s earth concen- 
trate containing 120 pg/g (Merck), and fola- 
cin as Folvite (Lederle). 

Male rats of the Sprague-Dawley strain 
were placed on the diets and supplements, 
ad libitum, at weaning (40 to 50 g) and main- 


* Published with the approval of the Director of 
the Alabama Agricultural Experiment Station. This 
work was performed under Contract No. N9 
onr92100 with the Office of Naval Research. Part 
of the results were presented at the annual meeting 
of the Fed. Am. Soc. for Exp. Biol., 1950, Fed. 
Proc., v9, 362. Folacin was donated by Lederle 
Laboratories and the other vitamins by Merck and 
Co. 

1. Popper, H., Koch-Weser, D., and Szento, P. B., 
Proc. Soc. Exp. Brox. anp Mep., 1949, v71, 688. 

2. Hove, E. L., Arch. Biochem., 1948, v17, 467. 


tained for periods of 4 to 12 weeks in indi- 
vidual cages.--Weekly body weight records 
were kept, and food consumption was 
measured for the rats on the soybean meal 
diets. Protein efficiency ratios were cal- 
culated for 4-week periods by dividing the 
total gain in body weight by the total protein 
ingested. Presumably this represents the 
efficiency with which the animals utilize 
dietary protein for growth. © 


The sensitivity of the rats to CCl, was de- 
termined by injecting this substance intra- 
peritoneally at the levels indicated, and 
noting the times at which deaths occurred. 
Observations were made for 1 week but, as 
noted previously (2), most deaths came within 
48 hours and therefore the data have been 
expressed as the number and per cent sur- 
vivals at this time.’ The single CCl, injec- 
tions were made after the rats had been on 
the various diets for periods ranging from 4 
to 12 weeks. The age of the animals at the 
time of injection appeared not to influence 
the results and this factor has been ignored in 
combining the data. As determined in pre- 
liminary studies, both the level and duration 
of the tocopherol supplementation had a dis- 
tinct bearing on the results. It was noted 
that the 0.01% dietary tocopherol level had 
to be fed for at least 2 weeks prior to poison- 
ing to obtain protection. However, a single 
dose of tocopherol, if high enough, afforded 
protection; 25 mg given orally to 12 rats 2 
days prior to the CCl, permitted survival of 
8 (67%), but 5 mg so administered was 
without benefit. Therefore, all supplemented 
diets were fed for at least 4 weeks in the 
presently reported experiments. 


Results. Protein utilization of rats on the 
soybean meal basal diet was significantly im- 
proved by the a-tocopheryl acetate supple- 
ment (Table 1). A similar effect, noted with 
the casein diet (Table II), was reported pre- 
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TABLE I. Protein Utilization and CCl, Sensitivity of Rats on 10% Soybean Protein. Diet. 
a ee ROA LOPE eb 


Protein Survivals 48 hr after levels of 
Additions to 100 gofsoy- No.of Wtgain efficiency . OCL,/kg, of : 
bean diet rats 4wk, g ratios 2 ml 1.5 ml 1 ml 
To Jo %o 
None 3) 26 1.75 .064* 2/20 (10) 3/7 (48) 38/6 (50) 
a-tocopheryl acetate, .01 ¢ 23 34 2.29 .046 15/18 (83) -- 5/5 (100) 
Vitamin By, 3 ug 16 Sal 2.03 .081 IIo (AY —- 4/7 (57) 
Vit. Byo and toe. acet. 11 27 1.88 .073 6/6 (100) — 5/5:(100) 
Folacin, 1 mg 7 18 1-62 .105 — 1/7 (14) — 
Folacin and vit. By 11 37 2.47 .062 0/5 (0) 2/6 (33) — 
Folacin, vit. By. and 11 38 2.59 .076 3/5 (60) 6/6(100) — 


tocopheryl acet. 


* Std error of mean. 


TABLE IT. Growth and CCl, Sensitivity of Rats on a 10% Casein Diet. 


Survivals 48 hr after levels of CCly/kg, 


Additions to 100 g No. of Wt gain as follows: 
of casein diet rats 4 wk, g 2 ml 1.5 ml 1 ml 
% %o % 
None 72 34 6/28 (21) 4/17 (24) 138/27 (48) 
‘ qg-tocopheryl acetate, .01 g 70 40 24/29(83) 12/14 (85) 25/27 (93) 
Vit. By, 3 wg 21 44 12/16 (75) es 4/5 (80) 
“ie and toc. acet. 20 53 13/15 (87) — 5/5 (100) 
Folacin, 1 mg 10 26 — 2/10 (20) — 
4s and toe. acet. 10: 48 — 10/10(100) -- 
Aminopterin, 70 pg 14 25 = 2/14 (14) — 
ae and toc. acet. ws) BY A — 16/19 (85) — 
L-cystine, .1 g 11 52 0/5. (0) — 6/6 (100) 
Be 38g 10 51 — —- 9/10 (90) 
Ad Nines he 16 68 7/10 (70) -— 5/6 (85) 
Cystine, .3, and toc. acet. 8 74 — — 7/9 (78) 
pL-methionine, .1 g 6 56 —- — 5/6. . (83) 
Methionine and toc. acet. 6 62 — oo 5/6 (83) 
Theophylline, .1 g 4 33 Se oa 4/4 (100) 
(4 and toc. acet. 4 42 — — 4/4 (100) 
Creatine, .5 g 8 39 O78 2260) — — 
and toc. acet. 8 58 7/8 (88) — — 
Guanidoacetic acid, .5 g 8 29 4/8 (50) — — 
ep and toc, acet. 8 31 2/8 (25) — = 


viously (3-4). Supplements of vit. By. im- 
proved protein utilization on the vitamin E- 
low soybean diet, but folacin supplements were 
ineffective. On this diet the combined supple- 
ment of vit. By. and folacin resulted in a 
protein efficiency value that was significantly 
higher than that given by vit. By. alone. The 
addition of tocopherol together with the vit. 
By and folacin resulted in a still higher 
value. 

Excellent protection against the acute CCl, 
toxicity in the rats was conferred by supple- 


3. Hove, E. L., and Harris, P. L., J. Nutrition, 
1947, v34, 571. 

4. Moore, T., Annals N. Y. Acad. Science, 1949, 
v52, 206. 


mentation of either diet with vit. E (Tables 
I and II). Dietary vit. Biz protected rats 
on the casein basal diet against the lethal 
effect of CCl,, but on the soybean meal basal 
diet this vitamin, at the level fed, was com- 
pletely ineffective, even when combined with 
folacin. Folacin supplements alone were 
without benefit to rats on either diet. The 
major treatment effects (Table I) may be 
summarized as follows: On the soybean meal 
basal diet, the supplements of vit. Bis, fola- 
cin, or both, allowed survival of 8 out of 34 
rats (23%). On the same diets to which 
tocopherol was added, 40 out of 45 rats 
(89%) survived. Similarly, on the casein 
basal diet (Table II) supplemented with 
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tocopherol, 113 out of the 129 rats (88%) 
survived, and on the casein diets to which 
vitamin By. was added, 16 of the 21 rats 
(76%) lived past the 48-hour point. 

These data indicate that the protective 
effect of the vit. By. against acute CCl, 
toxicity depends upon the nature of the basal 
diet, since it was positive on the casein diet 
but negative on the soybean diet, at the levels 
fed. However, an explanation of this dis- 
crepancy may be found on considering the 
dosage levels. A dietary vit. By. level of 
3 y»g/100 g diet has been considered fully ade- 
quate for the rat, and indeed this level did 
significantly improve the protein utilization 
in rats on the soybean diet (Table I). The 
requirement of vit. By. for protection against 
CCl, may be higher than the level used. To 
test this, an experiment was set up in which 
vit. By. was added at the levels of 0, 3, and 
30 pg/100 g of each basal diet. After in- 
jecting CCl, (2 ml/kg body weight) into rats 
reared on these diets, it became evident that 
the higher (30 pg) level of vit. By. protected 
rats on the soybean diet, but that the ‘“nor- 
mal” (3 wg) level did not; the values for 
survival were 6 out of 8 rats (75%) and 1 
out of 5 rats (20%), respectively. Survival 
in the control group was also 1 out of 5. Sur- 
vival of rats on the casein diets were 80% 
on the 3 yg level, and 66% of the rats on 
the 30 yg level of vit. Bio. Growth of the 
rats was not increased by the higher level of 
this vitamin as compared with the lower level. 

It was previously noted(2) that methio- 
nine and theophylline added at a 0.1% level 
to the casein diet deficient in vit. E gave ex- 
cellent protection against CCl,. This is con- 
firmed by data in Table II. Dietary creatine 
was without benefit, while dietary guanido- 
acetic acid appeared from limited data to 
suppress both growth and the protective ac- 
tion of vit. E. 

L-Cystine gave fairly good protection 
against acute CCl, toxicity (Table II). Pre- 
liminary results showed that the partial pro- 
tection given by the lower levels of cystine 
and tocopherol was not improved by com- 
bining these supplements (Fig. 1). Experi- 
ments are currently underway to determine 
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FIG. 1. Influence of various percentage levels of 
cystine and DL ¢-tocopheryl acetate added to the 
10% casein diet, on susceptibility of rats to acute 
CCl, toxicity. Five to 6 male rats per group on the 
diets and supplements for 6 weeks from weaning. 


the possible relation of vit. Bi2 and folacin 
to the protective effect of the sulfur amino 
acids. 

Discussion. An interrelation of vit. E and 
vit. By. has been noted in that they were 
mutually replaceable when using as criteria 
either the increased protein utilization or the 
protection of rats on 10% protein diets 
against the lethal effects of CCly. Apparently 
the rat has a much higher vit. By. require- 
ment for protection against CCl, than it does 
for growth. On the soybean basal diet a good 
protein utilization response was obtained with 
vit. By. added at a level of 3 »g/100 g, but 
this had to be increased to 30 wg/100 g to 
get protection against CCly. Folacin supple- 
ments alone did not have an influence on pro- 
tein utilization, but the data suggest that this 
vitamin influences the results obtained with 
vit. By. and must be added to get maximum 
effect, as has been noted previously by 
Schaefer and co-workers(5) in work relating 
these vitamins to transmethylation and the 
choline requirement. 


5. Schaefer, A. E., Salmon, W. D., Strength, D. R., 
and Copeland, D. H., J. Nutrition, 1950, v40, 95. 
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Presumably, the casein basal diet contained 
enough vit. By: as an impurity in the casein 
so that the additional supplement of 3 pg/ 
100 g was sufficient for protection against the 
CCl,. Growth of rats’ on the casein basal 
diet was not significantly improved by supple- 
mentation with vit. By. alone. The apparent 
growth improvement seen in the data in Table 
II was not nearly so evident when compari- 
son was made with controls from the specific 
experiment. - Dilution of these control values 
with large numbers of control values from 
other experiments was done to emphasize the 
lethal influence of CCl, since this was not 
affected by growth or body size of the rats. 

Goyco(6) recently reported on the bene- 
ficial effect of vit. Bio, vit. E and methionine 
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on utilization of yeast protein by rats. His 
results were similar in many respects to the 
data obtained with the soybean meal protein 
diet and herein reported. 

Summary. Vit. E and vit. By can replace 
each other in promoting protein utilization 
and in protecting against acute carbon tetra- 
chloride toxicity in young rats reared’ on 10% 
protein diets deficient in these factors. The 
vit. Bis requirement for protection against 
CCl, is considerably higher than for growth. 
Folacin supplements, alone, had no. effect, 
but, in the presence of vit. By. or vit. E, this 
factor markedly improved protein utilization 
and growth. L-Cystine protected against the 
acute toxicity but a synergism between cystine 
and vit. E was ‘not noted. 


6. Goyco, J. A., Fed. Proc., 1951, v10, 191. 
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Inhibition of Influenza and Mumps Viruses in Tissue Culture by Basic 


Amino Acids.* 


(18829) 


Mownrog D. Eaton, Borts MAGASANIK, Mauve E. Perry, AND Doris KARIBIAN. 


From the Department of Bacteriology and Immunology, Harvard Medical School, Boston, Mass. 


Recent studies(1-4) have indicated that 
modification of the host-cell metabolism by a 
variety of substances may interfere with the 
growth of animal viruses in tissue culture. 
Emphasis has been placed on inhibition of 
viruses by metabolic antagonists such as 
methoxinine and malonic acid(1-3) but an 
excess of amino acids may also inhibit virus 
multiplication as exemplified by the effects of 
lysine and tryptophane on a neurotropic virus 


* This work was aided by grants from the Division 
of Research Grants and Fellowships of the National 
Institutes of Health, United States Public Health 
Service, the Eugene Higgins Trust, and the William 
F. Milton Fund. 

1. Ratelson, M:. E., Jr., Pearson, H. E., 
Winzler, R. J., Arch. Biochem., 1950, v29, 69. 

2. Ackermann, W. W., J. Biol. Chem., 1951, v189, 
421. 

3. Ackermann, W. W., J. Exp. Med., 1951, v93, 
337. 

4. Eaton, M. D., Cheever, F. S., and Levenson, 
C. G., J. Immunol., 1951, v66, 463. 


and 


in mouse brain tissue cultures(1). In the pres- 
ent study inhibition of the growth of influenza 
and mumps viruses by arginine and other 
amino acids was observed. Investigations on 
the effects of these substances on the viruses 
and ‘tissues themselves are reported. 
Methods. ‘Tissue cultures of minced chori- 
oallantoic membrane of 10 to 12 day old 
chick embryos in balanced salt solution with 
glucose and sodium bicarbonate were pre- 
pared according to methods previously de- 
scribed(4-5). Allantoic passage strains of 
mumps and influenza (PR8& and Lee) were 
inoculated at dilutions of 107 into tissue cul- 
tures containing the substances to be tested. 
Cultures containing mumps and the PR8 
strain of influenza were incubated at 35°C, 
those with the Lee strain at 31°C. Virus 
multiplication was measured by hemagglu- 
tination titrations with chicken erythrocytes 


5. Weller, T. H., and Enders, J. F., Proc. Soc. 
Exp. Bror. AND MEpD., 1948, v69, 124. 
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TABLE I. Effect of Amino Acids on Growth of 
Influenza B in Tissue Cultures. 


6 day 
hemagglutin- 
Cone., ation titers Raitio 
Substance mg/ml Test Control control/test 
l-arginine 5 12 60 5) 
5* 2 100 50 
2 15 - 39 2. 
dl-iysine 5D 3 65 22 
2 6 45 7.6 
2* 2 70 35 
dl-ornithine 10 ait 100 >100 
2 80 100 1.3 
Guanidoacetate 10 2 100 8.3 
2 2 100 3.1 
dl-histidine 5 38 (is 2 
Creatine 5 56 b4 6 
Protamine 1 16 45 3 


* Buffered at pH 7.8-8.0. In remaining experi- 
ments a drop in pH to 7.0 or 6.8 occurred over a 
period of 6 days. 


and in some instances by infectivity titrations. 
Results, The results of experiments with 
the Lee'strain of influenza B are summarized 
in Table I. L-arginine and dl-lysine have 
been studied most extensively and were found 
to produce some inhibition at concentrations 
down to 1 or 2 mg/ml. Inhibition of forma- 
tion of viral hemagglutinins was marked with 
orithine and moderate with guanidoacetate 
at 10 mg/ml. Histidine produced only 
slight effects while results with creatine at 
the concentrations tested were negative. Small 
effects similar to those with histidine were 
seen with other amino acids such as glycine, 
and also with asparagine. Protamine at the 
maximum non-toxic concentration of 1 mg/ml 
did not markedly effect the growth of virus. 
L-lysine was found to be approximately twice 
as active as the dl-form. Lysine and arginine 
at concentrations of 10 mg/ml inhibited the 
growth of influenza A when this was inocu- 
lated at dilutions of 10° but had little effect 
against larger inocula. With influenza B 
addition of 5 mg/ml of arginine 24 hours 
after the virus produced the same degree of 
inhibition as when added immediately, but 
-no effect was observed when the period was 
increased to 48 hours. Infectivity titrations 
in representative experiments indicated that 
arginine and lysine reduced the infective 
property of influenza B in tissue cultures to 
about the same extent as hemagglutination. 


Virus INHIBITION BY AMINO ACIDS 


Inhibition of the Lee strain by lysine and 
arginine was favored by using cotton stop- 
pered flasks and adding enough bicarbonate 
buffer to the medium to maintain the pH be- 


tween 7.8 and 8.0 (Table I), also by omission. 


of phosphate from the medium. No reversal 
of the effect of ‘arginine was obtained with 
ribose nucleic acid, adenylic acid, methionine 
or creatine,“but-preliminary experiments sug- 
gest that phospholipids may have some re- 
versing activity since virus grows normally in 
cultures containing 5 mg/ml of arginine and 
10% of egg yolk. 


Extension of these observations to mumps 
virus which grows more slowly gave a better 
insight into the kinetics as will be seen in 
Fig. 1. Although a single addition of 10 mg 
of arginine at the beginning of the experiment 
was without effect, changing the fluids so as to 
add fresh amounts of arginine at 4 days re- 
sulted in inhibition as did delay in the addi- 
tion of arginine until the 4th day after inocu- 
lation. In the cultures containing arginine 
some growth of mumps virus was observed 
between the 12th and 20th day and removal 
of the arginine by changing the fluids on the 
8th day to balanced salt solution without ar- 
ginine resulted in more active growth of virus 
by the 16th day. The loss of effect with time 
does not seem to be due to disappearance of 
the arginine because no marked diminution 
could be detected by assays with an arginine 
requiring mutant of £. coli. 

No direct inactivating effect of arginine on 
influenza virus in vitro could be demonstrated. 
When dilutions of virus in balanced salt solu- 
tion were incubated at 31°C with arginine at 
a concentration of 20 mg/ml infectivity dis- 
appeared less rapidly than in controls without 
arginine. Similar concentrations of arginine 
when added to dilutions of mumps or influenza 
virus plus chicken erythrocytes did not alter 
the hemagglutination end point. Arginine at 
concentrations of 5 mg/ml did not prevent the 
adsorption of virus to chorioallantoic mem- 
brane either at 37°C or at 4°C.t 

Exposure of fragments of chorioallantoic 
membrane for periods up to 16 days to ar- 


7 We are indebted to Mr. Robert Gohd for these 
determinations. 


>See 
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“ARGININE AND MUMPS VIRUS 


x——x CONTROL 
O—O 5MG. AT O & 4 DAYS 
O---0 I0MG. AT O & 4 DAYS 


@—e |0MG. AT O & 4 DAYS 
REMOVED 8 DAYS 


8 2—4 10 MG. AT 4 & 8 DAYS 


HEMAGGLUTINATION TITER 


DAYS 


FIG. 1. Open circles and squares; balanced salt solution containing arginine changed to same 

solution at 4 days. Solid circles; same but additional change to balanced salt solution without 

arginine at 8 days. Triangles; started with balanced salt solution only and changed twice to 

arginine 10 mg/ml at 4 and 8 days. Control curve represents ayg titers of series with and 
without change of solution. 


ginine at concentrations of 10 mg/ml or lysine 
at 5 mg/ml did not reduce the ability of the 
cells to grow after explant to a fibrin clot 
medium in roller tube cultures. In such frag- 
ments the outgrowth of epithelial tissue and 
fibroblasts occurred in the same manner as in 
the controls. Concentrations of arginine and 
lysine of 20 mg/ml were lethal to tissue. 
When the amino acids were added directly to 
the roller tube cultures retarded growth of 
tissue was observed with lysine at 10 mg/ml 
but was less evident with arginine. 

Since some inhibitors of virus growth were 
shown to reduce tissue respiration(2) the ef- 
fect of arginine on oxygen uptake of the 
chorioallantoic membrane suspended in buf- 
fered salt solution was determined in the con- 
ventional Warburg apparatus. Respiration 
was found to proceed at the same rate in the 
presence of arginine at a concentration of 5 
mg/ml as in controls without arginine. Ex- 
posure to arginine in virustatic concentrations 


for as long as 6 days did not affect the rate of 
oxygen uptake. Similarly the rate of disap- 
pearance of glucose in tissue cultures meas- 
ured over a period of 6 days was identical in’ 
the presence and absence of arginine. In con- 
trast to some other inhibitors, arginine -does 
not seem to exert its virustatic action by af- 
fecting the respiratory activities of the host 
cell. 

In preliminary experiments no effect of ar- 
ginine in virustatic concentrations on the 
growth of A. aerogenes in a minimal medium 
containing glucose could be found, and the 
capacity of this organism to adapt to growth 
on mesoinositol was not affected (6). 

Discussion. Although several different 
amino acids will reduce the rate of viral mul- 
tiplication in tissue cultures those containing 
2 amino groups appear to be the most active. 
Arginine which has been studied in most detail 


6. Magasanik, B., Am. Chem. Soc., Abst. of Papers, 
119 Meeting, 20 C (1951). 
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probably inhibits the growth of influenza and 
mumps viruses by some effect on the host cell 
or on the interaction of host cell and virus. 
This effect is reversible by removing the amino 
acid and is brought about in the absence of 
demonstrable changes in the oxygen consump- 
tion, glucose utilization, or growth potential 
of the tissue. The reversal of the effect of 
arginine by egg yolk suggests the possibility 
of interaction with lipids in the cell mem- 
brane. The augmenting effect of an alkaline 
reaction (pH 8.0) is similar to that seen with 
basic antibacterial substances such as strepto- 
mycin and diamidines(7). Synthetic lysine 
polypeptides have been reported to inhibit 
the growth of influenza virus(8), but these 


7. Kohn, H. L., Science, 1943, v98, 224. 
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cause aggregation of virus particles, bacteria 
and red cells while arginine and lysine ap- 
parently have no direct effect either on the 
infective or hemagglutinating properties of 
mumps and influenza viruses. 

Summary. Arginine, lysine, ornithine, and 
to a lesser extent some other amino acids re- 
tard the growth of influenza and mumps 
viruses in tissue-~cultures when added at con- 
centrations of 1 to 10 mg/ml. The virustatic 
effect of arginine and lysine could not be at- 
tributed to toxicity or to direct action of these 
amino acids on the viruses. 


8. Rubini, J. R., Stahmann, M. A., and Rasmussen, 
A. F., Jr., Proc. Soc. Exp. Brot. Anp Mep., 1951, 
v76, 659. 
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Failure of an Ergot Preparation to Shorten Coagulation Time in 


Hemophilia.* 


FREDERICK S. BIGELOW AND JANE F., DESFORGES. 


(18830) 


(Introduced by W. B. Castle.) 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital, and the Department of Medicine, Harvard Medical School. 


Vodopivec(1) describes a striking accelera- 
tion of the clotting of the blood of hemophilics 
by administration of a mixture of equal parts 
of 3 hydrogenated ergot alkaloids, namely di- 
hydroergocristine, dihydroergocornine, and 
dihydroergokryptine. This preparation, known 
also as Hydergine or CCK-179, was reported 
to be effective orally in dosage of 1 mg every 
3 hours and parenterally after a single injec- 
tion of 0.6 mg. The clotting time fell to nor- 
mal 2 to 3 hours after oral, 1 to 2 hours after 
subcutaneous, and 30 minutes after intraven- 
ous administration. ‘The effect persisted for 
a day after the drug was given orally, and for 
several hours after parenteral treatment. Al- 
though we are ignorant of other observations 
on the use of ergot derivatives in hemophilia, 
several papers(2-4) discuss the adrenergic 


* This investigation was aided by a grant from the 
Blood Grouping Laboratory of Boston, Inc. 

1. Vodopivec, M., and Jelavic, N., Acta Haemaitol., 
1950, v3, 247. 


blockade effected by Hydergine and its sey- 
eral components. 

Because great clinical interest attaches to 
any pharmacologic agent able to accelerate 
coagulation in hemophilia, we have examined 
the effects of Hyderginet in 4 hemophilics. 

Methods. Coagulation time in glass at 
37.5°C was determined by the method of 
Pohle and Taylor(5). One-stage prothrom- 
bin levels were measured as described by 
Rosenfield and Tuft(6), and 2-stage deter- 
minations by the method of Ware and See- 


2. Rothlin, E., Bull. de Acad. Suisse des Sciences 
Med., 1946, v2, 1. 

3. Nickerson, M., J. Pharm. and Exp. Therap., 
1949, v95, 27. 

4. Kubicek, W. G., Kottke, F. J., Felder, D, A., 
Laker, D. J., and Visscher, M. D., Festschrift Fiir 
Herrn Prof. E. Rothlin, Basle, 1948, 295. 

7 Kindly supplied by Mr. Kenneth Ericson of 
Sandoz Pharmaceuticals, New York City. 

5. Pohle, F. J., and Taylor, F. H. L., J. Clin. 
Invest., 1937, v16, 741. 
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gers(7). Serum prothrombin was measured 
on serum separated one hour after clotting and 
incubated at 37.5°C for 24 hours, using 
barium sulfate plasma as diluent. Labile 
factor was determined in plasma by the 
method of Stefanini(8). The recalcification 
time of oxalated plasma was performed ac- 
cording to Quick(9), with the modification of 
adjusting the pH to 7.35 by equilibrating the 
sample with a gas mixture of 5% carbon 
dioxide and 95% oxygen before recalcifying. 
Fibrinolytic activity was tested by observa- 
tion of fibrin clots formed by addition of 0.2 
ml each of 0.02 M CaCl., Difco thrombo- 
plastin, and of oxalated plasma to 5 ml of 
imidazole-buffered saline (pH 7.25). Lysis 
within 24 hours at 37.5°C was considered ab- 
normal. Proteolytic activity was also meas- 


ured after the method of Tagnon(10), using | 


bovine fibrinogen tagged with radio-active 
iodine as substrate. 


The 4 hemophilics were well established as 
to diagnosis and had been frequently treated 
at this hospital for the usual sequels of the 
disease. They were normotensive, and reduc- 
tion of the coagulation time of their blood 
promptly followed the addition of normal 
blood in vitro or in vivo. One patient, Case 1, 
has frequently been hospitalized by ‘hemo- 
philic arthropathy, while the others, Cases 2, 
3, and 4, were admitted to the metabolic ward 
for the purpose of this study. Before Hyder- 
gine administration one or more base-line de- 
terminations of pulse and blood pressure were 


made and the coagulation tests were per- 
_ formed. 


Case 1 received Hydergine 1 mg 
orally every 4 hours for 3 days, followed by 1 
mg orally every 3 hours for 1 day, and finally 
0.5 mg intravenously. Cases 2 and 3 each re- 
ceived 0.6 mg intravenously once. Case 4 
was given 1.2 mg intravenously once. The 
coagulation tests were performed daily during 


6. Rosenfield, R. E., and Tuft, H. S., Am. J. Clin. 
Path., 1947, v17, 405. 

7. Ware, A. G., and Seegers, W. H., Am. J. Clin. 
Path., 1949, v19, 471. 


8. Stefanini, M., Am. J. Clin. Path., 1950, v20, 233. 


9. Quick, A. J., Am. J. Med. Sc., 1941, v201, 469. 


10. Shulman, N. R., and Tagnon, H. J., J. Biol. 


Chem., 1950, v186, 69. 
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FIG. 1. Ooagulation time in 4 hemophilies fol- 

lowing intravenous administration of Hydergine. 

Case 1 received 0.5 mg; cases 2 and 3 received 0.6 
mg; case 4 received 1.2 mg. 


the period of oral treatment. Following the 
intravenous administration they were repeated 
at approximately hourly intervals for 3 hours, 
and again at 24 hours. 

Results. In Case 1 during oral treatment 
a decline in clotting time from 69 to 40 min- 
utes occurred. However, this was probably | 
insignificant as there was no shortening of 
clotting time in any of the 4 patients following 
intravenous Hydergine (Fig. 1). Of the 3 
patients receiving 0.5 or 0.6 mg intravenously, 
the recalcification times (Fig. 2) decreased 
slightly in 2 at the first hour after injection, 
while there was no change in the third patient. 
In Case 4, who received 1.2 mg intravenously, 
there was a more marked decrease in the re- 
calcification time, which was found to be 135 
seconds 2 hours after administration of the 
drug. Thereafter the value fluctuated from 
270 seconds at’5 hours to 135 seconds at 24 
hours. The one-stage prothrombin level was 
not significantly altered in any patient after 
intravenous Hydergine; the two-stage pro- 
thrombin content declined slightly at the sec- 
ond hour after injection in the 2 patients in 
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FIG. 2. Reealcification time in 4 hemophilics fol- 
lowing intravenous administration of Hydergine. 
Case 1 received 0.5 mg; cases 2 and 3 received 0.6 
mg; case 4 received 1.2 mg. 


whom it was determined. Of the 3 patients 
receiving the intravenous dose of 0.5 or 0.6 mg 
the serum. prothrombin decreased moderately 
in 2, though never to levels below 50%, while 
it was unchanged in the third. In the fourth 
patient, who received 1.2 mg intravenously, it 
changed from an original value of 60% to a 
final value of 20%. The decline was gradual 
and did not correlate with the variations in 
recalcification time. Lysis of the diluted 
plasma clot occurred in a single specimen 
taken after 24 hours of oral treatment in Case 
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1 and in specimens from Case 4 at 2 and at 5 
hours after the 1.2 mg injection. In the pa- 
tients receiving 0.6 mg intravenously, none of 
numerous clots dissolved. Using fibrinogen 
tagged with radioactive iodine as a substrate, 
samples of plasma from Cases 2, 3, and 4 
showed no increase in lysis after Hydergine 
administration. Plasma labile factor was in- 
significantly altered in any patient in the first 
5 hours after injection. Only the patient who 
was given 1.2 mg of Hydergine intravenously 
experienced unpleasant symptoms. These 
consisted of nausea and vomiting shortly after 
injéction, severe nasal congestion, and frontal 
headache which lasted about 6 hours. Altera- 
tions in pulse and blood pressure were not re- 
markable in any patient. 


Summary and conclusions. Three hemo- 
philics were treated with Hydergine according 
to a regimen reported to effect a marked re- 
duction of clotting time. A fourth patient re- 
ceived twice the amount of drug stated by 
Vodopivec to be effective upon intravenous 
administration. No important acceleration of 
coagulation was noted. Only in the patient 
who received an excessive dose and became ill 
were there any impressive changes. These 
consisted of a transient decrease in recalcifica- 
tion time and a gradual decline in serum pro- 
thrombin, as well as fibrinolysis im vitro. 
Since the Hydergine used in this study is be- 
lieved to be identical to that administered by 
Vodopivec, we are unable to explain our in- 
ability to confirm his findings. 


The authors are indebted to Miss Helen Corrigan 
and Mrs. William Stephan for technical assistance. 
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Phagocytosis has long been known to- bear 


* Sponsored by Veterans Administration and pub- 
lished with the approval of Chief, Medical Director. 
Statements and conclusions published by the authors 


are a result of their own study and do not necessarily 
reflect opinion or policy of Veterans Administration. 
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STARVATION ON PHAGOCYTOSIS in Vivo 


a relationship to the nutritional status of the 
experimental animal. Many investigators 
have concluded that phagocytosis is depressed 
by the omission of some element of the food 
supply(1-4). On the other hand, others have 
shown that there is an increase in this activity 
when the food supply is decreased(5-8). 
In all of these reports, the animals had been 
depleted by long deprivation of one or more 
essential elements of the diet. Recent work, 
by one of the authors(9), carried out in tissue 
cultures, showed marked differences in motil- 
ity, adhesiveness and preference for sacchar- 
ides, between the leucocytes of starved and 
fed rats. These results suggested a study of 
the in vivo effect of starvation and phagocy- 
tosis. 


Methods. The phagocytic activity of rats 
deprived of food for 36 hours was compared 
with that of well fed animals. Both groups 
were injected parenterally with a suspension 
of bacteria and after intervals varying from 
2-334 hours, peritoneal samples were removed 
and examined for phagocytic activity. The 
phagocytic activity was measured in terms of 
the percentage of W.B.C.-containing bacteria 
as well as the number of bacteria engulfed by 
the W.B.C. This work was conducted on 
mature male albino rats of the Wistar strain, 
weighing 275-375 g each. The phagocytic 
response was studied by using a non-hemo- 
lytic, coagulase positive strain of Staphylo- 
coccus aureus obtained from human isolation. 
The bacteria were grown on brain-heart in- 


1. Gaal, I., and Szabo, M., Z. f. d. ges. Exp. Med., 
1942, v110, 57. 

2. Gellhorn, E., and Dunn, J. O., J. Nutrition, 1937, 
v13, 317. 

3. Gellhorn, E., and Dunn, J. O., J. Nutrition, 1937, 
v14, 145. ; 

4. Cottingham, E., and Mills, C. A., J. Lab. and 
Clin. Med., 1945, v30, 498. 

5. Guggenheim, K., and Buechler, 
munology, 1946, v54, 349. 

6. Reiner, L., and Paton, J. B., Proc. Soc. Exe. 
Brox. anp Mep., 1932, v30, 345. 

7. McKee, R. W., and Geiman, Q..M., Proc. Soc. 
Exp. Brov. AND Mep., 1946, v65, 313. 

8. Clark, P. F. Section by H. Pinkerton, Page 114, 
Bact. Rev., 1949, v13, 99. 
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fusion blood agar plates for a period of 18 
hours at 37°C, at which time they were har- 
vested and washed 3 times with saline. After 
partial dilution they were filtered through a 
thin layer of sterile absorbent cotton and then 
further diluted with saline to give approxi- 
mately 50% transmission with a 400 myp 
filter on the Coleman Junior Spectrophotom- 
eter. This suspension was stored in the re- 
frigerator and just before use the next day, 
was warmed to body temperature and well 
shaken. 


Inoculation of animals. The rats deprived 
of food for a period of 36 hours before inocu- 
lation are referred to as the starved group. 
Prior to starvation all the rats had received, 
for a period of 4 weeks, a complete diet in the 
nature of a plentiful supply of Rockland Farm 
Rat Pellets, supplemented by greens. Water 
was given ad lib. In general, experiments 
were performed on 5 starved and 5 fed ani- 
mals simultaneously. Each rat was injected 
intraperitoneally with 20 cc of the prepared 
bacterial suspension. (None of the rats died 
as a result of the inoculation with the bac- 
teria). After a minimal interval of 2 hours 
3 to 8 cc of the peritoneal fluid were removed 
by alternately injecting air and then aspirat- 
ing. A 10 ml syringe and a 19 gauge needle 
were used. The collected fluid was placed in 
a test tube and duplicate white cell counts 
were immediately made. At this time a sterile 
platinum loop of 5 mm diameter was dipped 
into the fluid and a 2 cm square smear made 
on one end of a glass slide. Two loops full 
were smeared over an equal area on the op- 
posite end. Three such slides were made from 
each peritoneal specimen. The smears were 
allowed to dry and then were stained by a 
modified Gram stain. The crystal-violet was 
applied for not more than 15 seconds; the 
iodine for 10 seconds; the acetone-alcohol for 
10-15 seconds, and the saffarin for 10 seconds. 

Counting white blood cells and bacteria. 
Each of the duplicate W.B.C. counts were 
made in the usual way with a white-cell 
pipette and diluting fluid. Nine sq. mm were 
counted on each specimen and the average of 
the two replicates taken. The stained smears 
were counted in the following manner: Areas 
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TABLE I. Comparison of the Phagocytic Activity of Starved and Fed Rats. 
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TABLE II. Comparison of Phagocytic Activity of Groups of Rats Based on Time Interval 
Between Injection of Staphylococcus aureus and Withdrawal of the Peritoneal Sample. 
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Fed 18 10.3 19 128 1488 10040 
234 to 394 hr group 
Starved 14 17.5 38 399 5425 63358 
Fed 11 19.4 20 131 3384 24028 
Total of all animals 
Starved 21 14.9 423 4563 52855 
Fed 29 Use if 19 129 2205 15344 


were selected in which the extra as well as the 
intracellular bacteria were clearly distinguish- 
able. Three hundred or four hundred consec- 
utive W.B.C. were counted on each peritoneal 
sample and the number containing staphylo- 
cocci as well as the number of bacteria in each 
cell was tabulated. The average number of 
phagocytosing W.B.C. was found by multiply- 
ing the percentage of phagocytosing cells by 
the total number of W.B.C. per cmm of peri- 
toneal fluid. The number of bacteria engulfed 
was determined by multiplying the number of 
bacteria phagocytosed per 100 W.B.C. by the 
total (in hundreds) of W.B.C. per cmm. 
Results. The data on the 21 starved rats 
and on the 29 fed animals is given in Table I. 
The significant features brought out by these 
data are the following: 1. The average number 
of W.B.C. per cmm of peritoneal fluid was 
essentially the same in both the starved and 
the fed groups, 7.e., 14900 and 13700. 2. The 
percentage of W.B.C. showing phagocytosis in 
the starved animals was twice that in the fed 
rats, i.e., 38% and 19%. 3. The number of 
bacteria engulfed by the phagocytes of the 


starved rats per 100 W.B.C. was 3 times that 
of the fed group, i.e., 423 and 129. Since all 
the rats were not aspirated exactly 2 hours 
after inoculation with Staph. aureus, it was 
thought that perhaps the length of time in the 
peritoneal cavity had some bearing on the 
results. Consequently, the rats were divided 
into two groups with regard to the time that 
elapsed between injection and aspiration. It 
may be observed (Table II) that although 
the 234-334 hour group had approximately 
twice as many W.B.C. per cmm as the 2-2% 
hour animals, nevertheless, the starved groups 
showed twice the percentage of phagocytes, 
which engulfed three times the number of 
bacteria. That this relationship held despite 
the difference in time of aspiration and 
W.B.C. count, may be explained by assuming 
that at the time of the earliest aspiration, 
(2 hours) the peak outpouring of W.B.C. into 
the peritoneal cavity had been reached and 
that phagocytosis too was at the maximum. 
The subsequent rise in W.B.C. count was due 
to absorption of the injected liquid with con- 
sequent concentration of the cells present. 
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TABLE III. Distribution of Starved and Fed Rats 
in Relation to % of Phagocytosing WBC. 


% of phago- No. of No. of 

eytosing WBC starved rats fed rats 
5-14 0 12 
15-24 al 10 
25-34 if 6 
35-44 9 ai 
45-54 3 0 
55-64 1 0 
Total 21 29 


TABLE IV. Distribution of Starved and Fed Rats 
in Relation to Avg Number of Bacteria Phagocy- 
tosed per 100 WBC. 


Avg No. bac- 

teria phagocy- No. of No. of 

tosed/100 WBC starved rats fed rats 
24-99 0 13 
100-199 - 2 12 
200-299 4 3 
300-399 5 1 
400-499 2 0 
500-599 3 0 
600-699 3 0 
700-799 2 0 
Total 21 29 


A comparison of the distribution of fed and 
starved rats on the basis of the percentage of 
phagocytosing W.B.C. is shown in Table III. 
It may be observed that 75% of the fed ani- 
mals (22 of 29) fall into the lower range and 
95% of the starved group (20 of 21) are 
found in the higher categories. 

Table IV illustrates the difference in dis- 
tribution between the 2 groups of rats on the 
basis of the average number of bacteria en- 
gulfed per 100 W.B.C. Here again the starved 
group far outdistanced the fed animals with 
90% (19 of 21) rats showing a greater num- 
ber of bacteria engulfed than 86% (25 of 
29) in the fed group. 

Discussion. The technics used in this re- 
port to determine im vivo phagocytic activity 
are an application of the in vitro methods of 
Wright(10), and Hamburger(10). Wright 
determined the number of particles engulfed 
by the leucocyte in a given time. The criterion 
used by Hamburger was the percentage of 
leucocytes showing phagocytosis in a definite 
period. In our experiments both the number 


10, Mudd, S., McCutcheon, M., and Lucke, B., 
Physiol. ‘Rev., 1934, v14, 210. 
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of bacteria engulfed per phagocyte per unit of 
time and the percentage of leucocytes showing 
phagocytosis was determined. As the starved 
rats produced twice the percentage of phago- 
cytic leucocytes which engulfed 3 times more 
bacteria than the phagocytes of fed animals, 
it can be seen that the results obtained with 
these im vivo technics are in agreement with 
each other and of a similar order of magni- 
tude. 

Inasmuch as there is difference of opinion 
with regard to the effect of starvation on 
phagocytic activity(1-3,9,11,12) it is not sur- 
prising that the explanations of this phenom- 
enon are many and varied. It has been sug- 
gested that changes in temperature(13), vit. 
C (11,12), pH(14), complement (15), to men- 
tion just a few, were the cause of the rise or 
fall in phagocytic activity. More recently, 
Kuna and Chambers(9), as a result of their 
work in tissue cultures, observed marked dif- 
ferences in behavior between the leucocytes of 
rats starved for 36 hours and those from fed 
animals. The leucocytes of starved animals 
were attracted by mono, di and polysacchar- 
ides, whereas those of fed rats reacted only to 
polysaccharides. Starved rats showed a 
greater number of W.B.C. in motion as well 
as an increase in the rate of motion. The 
W.B.C. of starved rats were characterized by 
a greater degree of adhesiveness to particles 
in the media. The details of the mechanism | 
whereby starvation induces greater phagocytic 
activity in rats, remains to be ascertained. 

A number of observations are to be found 
in the literature, which emphasize the en- 
hanced resistance to infection induced by 
dietary deficiency. 

Rats on a B complex deficient diet survived 
infection with the blood flagellate (Trypano- 


11. Naccari, A. (Chem. Abst. No. 34803, 
Chem. Zentr., 1942, I. 

12. Messina, L., and Verga, G., (Chem. Abst. No. 
80398, 1940) Chem. Zentr., 1939, I. 

13. Mills, C. A., and Schmidt, L. H., Am. J. Trop. 
Med., 1942, v22, 655. 

14. Wasizu, H., and Simizu M., Chem. Abst., 5560°, 
1942, Jap. J. Med. Sci., 1941, II. 

15. Colombo, G., Biol. Abst. No. 
Giorn. batteriole immunol., 1939, 22. 


1943) 


8106, 1939, 
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some equiperdum) somewhat longer than 
control animals(6). Ascorbic acid deficien- 
cies in monkeys markedly prolonged the 
course of an otherwise rapidly fatal infection 
with Plasmodium knowlesi(7). Healthy well 
nourished fowl were found to be more suscep- 
tible to virus chicken sarcoma than thin and 
ill ones(16). In experimental Murine typhus 
infection of guinea pig, the starved animals 
showed considerably less fever and scrotal 
reaction(8). Undernourished rabbits were 
less reactive to vaccine virus(17), and vita- 
min deficient mice failed’ to show characteris- 
' tic signs of infection with Western equine en- 


16. Rous, P., J. Exp. Med., 1911, v13, 397. 

17. Rivers, T. M., Stanford Univ. Publ. Univ. 
Series, M. Sc., 1939, v4, 1. ; 

18. Kearney, E. B., Pond, W. L., Plass,°B. A;, 
Maddy, K. H., Elvehjem, C. A., Clark, P. F., J. 
Infect. Dis., 1948, v82, 177. 
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cephalitis(18). In children, the original ob- 
servation of Heine that poliomyelitis seems to 
attack the better fed children with relatively 
higher incidence has been confirmed (18). 

In the above cited cases it would seem that 
lack of nutrition has rendered the host a rela- 
tively unsuitable culture medium for the para- 
site. Perhaps the increased phagocytic ability 
of the starved animals, as demonstrated by 
the rats in the experiment here reported, is a 
factor in rendering the host more resistant to 
invasion by the parasite. 

Conclusions. Leucocytes obtained from rats 
well fed for 4 weeks prior to a 36-hour period 
of starvation were compared with leucocytes 
from continuously well fed rats. The starved 
group showed twice the percentage of phago- 
cytosing W.B.C, which had engulfed 3 times 
the number of bacteria. 
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A Rapid Method for Clinical Total Blood Volume Determination Using 


Radioactive Iodinated Human Serum Albumin (RIHSA)* 


(18832) 


J. Brapiey Aust, SHELLEY N. ‘Cuou, JAMes F. Marvin, Epwin L. BRACKNEY, AND 


GEORGE E. Moore. 


(Introduced by R. L. Varco.) 


From the Departments of Surgery and Radiology, University of Minnesota Hospitals, Minneapolis. 


This paper reports a rapid method of di- 
rectly measuring blood volumes using radio- 
active iodinated human serum albumin as a 
tracer agent. Human serum albumin is 
iodinated with Ji3; (RIHSA) in an essen- 
tially neutral buffer. Each cc. of RIHSAt 
contains 5 mg of human serum albumin and 
2 mg of salt(4). Metabolic studies of RIHSA 
have been carefully done and reported else- 
where(1,3). By the end of 24 hours after 


* Supported in part by grants of the Atomic Energy 
Commission, and the U. S. Public Health Service. 
_f Obtained from Abbott Laboratories. 

1. Chou, S. N., Aust, J. B., Moore, G. E., and Pey- 
ton, W. T. In press. 

2. Keith, N. M., Rowntree, L. G., and Geraghty, 
J. T., Arch. Int. Med., 1915, v16, 547. 

3. Storaasli, J. P., Krieger, H., Friedell, H. L., and 
Holden, W. D., Surg., Gynec., and Obstet., 1950, v91, 
458. 


administration, approximately 55-65% is still 
in the circulation and since it is gradually 
metabolized, free I,31 is liberated, and may be 
taken up by the thyroid. This can be success- 
fully prevented by “blocking” the thyroid 
with stable iodine in the form of Lugol’s solu- 
tion, 10 drops, 3 times daily for a week, start- 
ing at least 24 hours previous to the adminis- 
tration of RIHSA(1). RIHSA was selected 
as a tracer agent for blood volume determina- 
tion because it fulfills better than any other 
substance known at present, the basic criteria 
as laid down by Keith and Rowntree(2). 


Fig. 1 shows the design of the 3-tube Geiger 
counter constructed for the blood volume de- 
terminations. The 3 tubes were held in place 
on a steel disc by a lucite plate. A thin wall 
brass tube was soldered in the center to hold 


4. Tabern, D. L., Personal communication, 


to the colorimetric technics. 
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FIG. 1. 


the cuvettes. This counter was mounted in 
the lead cylinder to reduce the background 
count. A five foot coaxial cable connects the 
counter to a Berkeley Scaler, Model 1000B, 
which is controlled by a predetermined time- 
interval clock. Coleman 6-304A cuvettes 
which accurately fit the central brass tube of 
the triple thyrode G-M counter were cali- 
brated to contain 10 ml. Heparin solution 


was used as an anticoagulant; other antico- 


agulants have been investigated and found, as 
will be pointed out later, extremely unsuc- 
cessful. 


The selection of a counting system was dic- 
tated by the requirements of rapid measure- 
ment of liquid samples with an accuracy of 
1-2%, and a counting efficiency which would 
make feasible blood volume determinations 
with the tracer dose containing less than 60 
pe of Iy31. Construction of the counter made 
possible the direct comparison of this method 
with dye methods, since the same blood speci- 
men and cuvettes were used for both technics. 
Thus the counting procedure was analogous 
The use of 3 
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Geiger tubes surrounding the central brass 
tube (which holds the cuvette) eliminates er- 
rors due to positioning the sample. The sys- 
tem was designed to count 10 ml of either 
blood or a standard “active solution” in a se- 
lected cuvette. The size of cuvette and posi- 
tion of the brass tube are such that the first 
5 cc and the second 5 cc of solution gave 
equal contributions to the count. This elim- 
inates, almost completely, errors introduced 
by sedimentation of the blood if this be al- 
lowed to occur. Measurements indicated this 
error is less than 1%. 

Comparison of solutions of I,3; in water 
and in blood indicated that the error of ab- 
sorption, introduced by the change in the me- 
dium is less than 1%. In this study aqueous 
comparison solutions were used instead of 
making up these solutions with blood as the 
diluting medium. The sensitivity of the 
counter was 2820 counts per minute for 1 pc 
of iodine (point source) in the center of the 
tube or 2540 counts per minute per pc of Iy31 


in 10 ml of solution (National Bureau of 


Standards distribution of 1-15-51). Efficiency 
of the counter was 0.11% for iodine in 10 ml 
of solution. (Not corrected for failure to 
achieve 4 7 geometry). Substitution of bis- 
muth cathode Geiger tubes? of the same size 
will increase this by a factor approximating 5. 
Comparison with a multiple anode cup 
counter’ indicated this counter would increase 
the sensitivity by a factor just exceeding 20, 
and would allow a considerable reduction in 
the required dose. 

Procedure. From every batch of RIHSA 


delivered, a sterile tracer solution is prepared. * 


in such a dilution that 10 cc of it contains 60 
pe of Ii31. Of the tracer solution 1 cc is fur- 
ther diluted to 100 cc of which 10 cc is 
used as the standard. This standard there- 
fore contains 0.6 pc which will give about 
7500 counts per 5 minutes in the triple 
thyrode counter. Using calibrated syringes, 
each patient is given 10 cc of the tracer solu- 
tion intravenously containing from 30-60 pc 


t Constructed for us by Radiation Counter Labora- 
tories. 

§ Type H18-20TR (cup 20) supplied through cour- 
tesy of Dr. Herzog of Texas Company, Bellair, Texas. 
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Ii31 depending on the decay-factor; 10 min- 
utes after administration, blood is withdrawn 
from the antecubital vein of the opposite side 
with a heparinized syringe and 10 cc imme- 
diately delivered into a selected cuvette. The 
cuvette is inverted several times to assure 
homogeneous suspension of the blood cor- 
puscles. It is then put into the triple thyrode 
counter and counted for 5 minutes. The total 
blood volume can be calculated by the fol- 
lowing formula: 


Counts/5 min of the standard & No. of ce 
given of tracer solution 
TBV == - 
Dilution of standard * counts/5 min of 
the specimen, 


In order to study the validity of the technic 
under investigation, T-1824 dye was used 
simultaneously in patients to study blood 
volumes. We have also studied plasma vol- 
umes with RIHSA technic in a group of pa- 
tients. This was done by centrifuging about 
30 cc of heparinized blood that had been with- 
drawn through the same venipuncture made 
for obtaining the 10-minute blood specimen. 
Centrifugation at 3000 RPM was carried out 
for 30 minutes and the clear supernatant plas- 
ma pipetted into the calibrated cuvette up to 
the 10 cc mark. The plasma activity is 
counted and plasma volume calculated in the 
same manner previously described. From the 
same blood sample, 2 Wintrobe hematocrit 
tubes were filled and centrifuged at the same 
speed together with the plasma specimens. 
From the blood volume and plasma volume 
figures obtained, “hematocrit” values can be 
calculated. These were compared with direct 
Wintrobe tube hematocrit values in the same 
patients giving further indices of accuracy. 


Results and discussion. A total of 40 cases 
has been studied up to the time of this report. 
In all the cases, no effort was made to con- 
sider patient’s body weight, and height. Since 
this group was made up of patients with 
various physiological and pathological condi- 
tions, any attempt to express their blood vol- 
umes, as determined by the RIHSA technic 
in terms of body weight will undoubtedly give 
false indices and therefore be misleading. For 
purposes of discussion they are separated into 
2 groups, the first group consists of 8 cases in 
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TABLE I. 
Blood vol 143; Blood vol Evans 

Cases P technie blue technie Diff 
1 4120 4920 —16 
2 4100 4080 + 0 
3 4950 5320 — 7 
4 4840 5900 —18 
Nay 4840 5880 —10 
6 4915 6250 —20 
7 ' 4970 5390 — 8 
8 5210. 5200 eeu) 


whom simultaneous blood volume studies with 
RIHSA and T-1824 dye were made. The re- 
sults obtained and the percentage of differ- 
ence between the two methods are tabulated 
in Table I. 

In case 6, a difference of 20% was observed, 
this was the highest percentage of difference 
in this series. In cases 2 and 8, however, vir- 
tually no difference existed between the results 
obtained. It is interesting to notice that al- 
most all figures obtained with the Evans blue 
technic were higher than those using RIHSA. 
This finding agrees with those of other work- 
ers in the same field(3). It has been sug- 
gested that probably Evans blue diffuses out 
from the vascular system much more quickly 
than RIHSA. Assuming that all the figures 
in our series were obtained with the minimum 
technical error, it seems difficult to evaluate 
the validity of the technic by merely looking 
at the percentage of difference listed in Table 
I. In cases 2 and 8, the results obtained by 
two technics were almost identical. This is in 
disagreement with the theory that Evans blue 
diffuses out from the vascular bed more 
quickly and should result in a larger volume. 

It was then decided to measure plasma 
volumes which, when calculated against blood 
volumes of the same patients, would give 
“hematocrit” values. These values were com-. 
pared directly with Wintrobe tube readings. 
Comparison between these two should, for all 
practical purposes, give more accurate indices. 
We are justified in carrying out the compari- 
son between the calculated and the actual 
hematocrit values based upon the following 
assumptions: (1) That the tracer solution is 
homogeneously mixed with the circulating 
blood in a practically closed system by the 
end of 10 minutes after its injection. This 
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TABLE II. Statistical Analysis’of 30 Cases. 


Range in B.V. 1642 to 6390 ce 
DE NEI) 2a 952 ’? 3625 ce 
Bocas (ell komma bal 23.47? 66.7 
7? actual HT QBN ROT 
See or Oke Ut, 8’? +8 


Mean diff. (actual-cale. HT) = +0.63% 
Std deviation = +3.95% 


Hemato- Actual % of 
Cases B.V. Plasmavol eritcale. HT diff. 
5 5820 3100 47 69 —32* 
6 4660 3500 25 43 —42* 
* See text. 
TABLE III. 
Total Absolute 
e/5 min ¢/5 min %o 
10 ce plasma + heparin 1577 1009 , 
10 ce plasma + Na-oxalate 1332 764 
Diff. 245 245 25 


was found correct by counting serial blood 
specimens at 2-minute intervals up to 30 
minutes. They were found to contain almost 
the same amount of radioactivity; (2) That 
the tracer material is present in plasma only, 
having no binding or tagging properties on the 
corpuscles. That is, a given volume of whole 
blood, actually is composed of 2 compart- 
ments, namely a radioactive plasma and a 
radioactivity-free corpuscular compartment. 
This was found correct and as will be shown 
later on, the calculated “hematocrit” and the 
actual “hematocrit” do actually agree in all 
cases. 


Table II presents the second group of cases 
in whom the blood volume study was con- 
trolled by plasma volume and hematocrit 
studies. Note cases 5 and 6 in which an ex- 
treme difference between the calculated and 
actual hematocrit was observed. They were 
the two instances in which sodium oxalate was 
added as an anticoagulant agent in addition 
to merely heparinizing the syringes which 
were used to withdraw blood specimens. The 
diminishing of calculated hematocrit value 
was attributed to a false increase in plasma 
volumes resulted from technical loss of radio- 
activity from the plasma. Investigation was 
then started to study this problem and the 
following case will illustrate the difference in 
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counts of the plasma specimen of the same 
patient using heparin and sodium oxalate, 
respectively (Table III). 


It was found that approximately 25% of 
the radioactivity was missing from the oxal- 
ated plasma. Since these 2 specimens were 
treated under the same conditions except for 
the different anticoagulants used, it was felt 
that it must be due to Na-oxalate which prob- 
ably acts on the radioactive compound in such 
a way that when the blood is centrifuged, the 
radioactive compound is spun down together 
with the blood cells. This was subsequently 
found to be true as indicated by the finding 
that 10 cc of saline suspension of the packed 
blood corpuscles from the specimen treated 
with Na-oxalate contained more radioactivity 
than that of the specimen treated with hepa- 
rin. Na-citrate has also been tried and it has 
a similar effect on the relative distribution of 
the radioactive material in the centrifuged 
specimens. This observation is extremely im- 
portant. It points out the tremendous error 
that could occur if blood volume determina- 
tion is to be calculated from hematocrit and 
plasma volumes with the latter being deter- 
mined by RIHSA using either Na-oxalate or 
Na-citrate as anticoagulant. In the technic 
described by Storaasli et al.(3), crystal hepa- 
rin was used; no mention was made as to 
whether any other anticoagulants had been 
tried. However, in our technic for the direct 
determination of whole blood volume, it 
makes no difference as to the type of anti- 
coagulant that is employed. 


The advantages of direct blood volume de- 
termination using RIHSA are worth sum- 
marizing: (1) It is a very simple and rapid 
method; (2) only one blood specimen is re- 
quired; (3) calculation is minimal, and (4) 
repeated blood volume determination is pos- 
sible by giving further doses of RIHSA after 
determining the residual activity left in the 
blood stream. 


Summary, (1) A clinical laboratory pro- 
cedure for directly measuring total circulating 
blood volume using RIHSA as the tracer 
agent has been described. (2) A series of 40 
cases in whom total circulating blood volume 
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was determined by this technic. (3) The ad- 
vantages of this technic over the dye method 
have been discussed. 


~ 


THYROIDECTOMY AND Piruirary ACTH 
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Effect of Thyroidectomy on ACTH Content of Rat Adenohypophysis.* 
(18833) 


N.S. Hatt anp E. M. BocpaNove. (Introduced by W. R. Ingram.) 
From the Department of Anatomy, College of Medicine, State University of Iowa, Iowa City. 


The site of formation of ACTH within the 
adenohypophysis has not yet been conclu- 
sively established. Finerty and co-workers 
(1,2), who observed a transient rise in the 
number of acidophils after hemiadrenalectomy 
in the rat, regard this class of cells as the 
source of ACTH. On the other hand, one of 
the rat’s 2 types of pituitary basophils, the 
beta cell, has been suggested as the possible 
producer of the hormone(3). In these studies 
conclusions were reached by comparing pitui- 
tary cell counts with the state of the adrenal 
gland. It should be recognized, however, that 
the count of a given pituitary cell type, if due 
allowance is made for the size and density of 
granulation of the individual cells, reflects the 
storage of its secretory material, whereas the 
condition of the target organ is an index of the 
level of its governing pituitary principle in the 
circulation. As storage and discharge of 
pituitary trophins do not always run parallel, 
the comparison between the histological struc- 
ture and the stored amounts of hormones in 
the pituitary appears to be a more promising 
approach to the problems of its histophysiol- 
ogy. Since thyroidectomy is known to lead 
to an extremely conspicuous drop in the num- 
ber of both the acidophils and the beta cells, 
while the delta cells become progressively 
hyperplastic and vacuolated(3), it was of in- 


terest to determine how these profound histo- 
logical changes affect the ACTH stores of the 
pituitary. 

Method. A shipment of 22 young adult 
male Sprague-Dawley rats (180-200 g) was 
divided into 2 groups. Nine animals were 
thyroidectomized, 13 served as controls. The 
rats received Purina Laboratory Chow and 
tap water ad lib. Thirty days later the mem- 
bers of both groups were sacrificed by decapi- 
tation. At this time the thyroidectomized 
rats weighed 228-256 g (mean 248 g), the 
intact animals 288-337 g (mean 322 g). The 
pituitaries of 3 thyroidectomized and 4 con- 
trol rats were saved for histological examina- 
tion. The hypophyses of the remaining ani- 
mals were prepared for a comparative assay 
of their ACTH content by the ascorbic acid 
depletion method of Sayers et al.(4). In view 
of the unstableness of ACTH in alkaline solu- 
tions(5), lyophilization and subsequent ex- 
traction of the glands with saline made alka- 
line to 0.01 N with sodium hydroxide(6) was 
abandoned in favor of a technic devised by 
Sayers(7). The anterior lobes were pooled in 
a solution of 0.85% sodium chloride made to 
10th molar with hydrochloric acid (one pitui- 
tary per ml fluid), homogenized and extracted 
at room temperature. The extracts were trans- 
ferred to a boiling water bath for 60 minutes, 


* Aided by a grant from the Central Scientific Fund 
of the College of Medicine, State University of 
Iowa. 
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TABLE I. Pituitaries of Thyroidectomized Rats Assayed for ACTH Content Against Those 
of Controls. 


—Thyroidectomized donors (6) *— 


-———Control donors (9) *———_, 


No. No. 
Doset recipients Response recipients Response 
1.25 4 29.21 + 2.75 5 30.1 + 1.2 
625 5 17.3 +41 5 17 +145 
8125 4. (eet eye 4 7.9 +1.6 
Total 13 14 
Slope of log dose-response curve 39.0 37.1 
Significance of diff. between slopes p = 0.9 
M = 1.9727 Sy = 0.0548 


ACTH content of thyroidectomy-pituitaries with that of controls at 100% = 94% 
Range of potency at 95% level of confidence — 73-118% 


* No. of donor rats. 
+ % donor pituitary per 100 g recipient. 


t Mean of differences between ascorbic acid concentration in left and right adrenal of indi- 
vidual recipients, expressed as % of concentration in left adrenal. 


$ Std error. 


centrifuged and the decanted supernatants 
stored in a deep freeze unit. On the morning 
of the assay appropriate saline dilutions of the 
stock solutions were prepared and their pH 
adjusted to 1.2-2. The extract of the thyroid- 
ectomy-pituitaries was assayed against that 
of the control hypophyses in strict adherence 
to the design outlined by Burns et al.(6). 
Hypophysectomized male rats (120-160 g) 
were purchased from the Hormone Assay 
Laboratories and used 24 + 3 hours post- 
operatively. Adrenal ascorbic acid determin- 
ations were performed by the method of Roe 
and Kuether(8). The administration of 0.5 
ml per 100 g recipient of a 1:40, 1:80 and 
1:60 dilution of the stock solutions was found 
to be the dose range for which a rectilinear 
relationship could be established between the 
log dose and the adrenal ascorbic acid drop. 
In other words, the hypophysectomized rats 
received doses equivalent to 1.25, 0.625 and 
0.3125% of a donor pituitary, respectively, 
per 100 g body weight. The analysis of the 
assay was carried out according to the method 
of Irwin, as presented by Pugsley(9). Sec- 
tions from the pituitaries destined for histo- 
logical examination were: stained with alde- 
hyde-fuchsin, hematoxylin, orange and light 
green. Cell counts were performed in the 


8. Roe, J. H., and Kuether, C. A., J. Biol. Chem., 
1943, v147, 399. 
9. Pugsley, L. L., Endocrinology, 1946, v39, 161. 


usual manner. 

Results. The assay data are summarized 
in Table I. It is evident that there was no 
significant difference between the amounts of 
ACTH stored in the pituitaries of intact male 
rats and of animals which had been thyroidec- 
tomized for 30 days. As Table II shows, the 
thyroidectomy-pituitaries were around 25% 
heavier than those of the controls, which 
makes the concentration of ACTH in the for- 
mer about 70% of that found in the control 
pituitaries. 

The regression of the acidophils and the 
beta cells in the histologically examined hypo-) 
physes of the thyroidectomized rats (Table 
II) is of the same order of magnitude as that 
previously observed to occur after complete 
removal of the thyroid, the acidophils being 
practically absent and the beta cell count 
around 8% of the control value. The ques- 
tion arises whether or not there is any cogent 
evidence that the acidophils and the beta cells 
behaved in a similar fashion in the assayed 
pituitaries. It has been pointed out by Gries- 
bach and Purves(10) that the degranulation 
of the acidophils after complete thyroidec- 
tomy can be assessed ‘by gross inspection of 
the pituitary, which becomes distinctly trans- 
parent in this condition. All the hypophyses 
of thyroidectomized rats used in the present 


10. Griesbach, W. E., and Purves, H. D., Brit. J. 
Exp. Path., 1943, v24, 174. 


520 


TABLE IT. Pituitary Weights and Cell Counts. 


Vacuo- 
No. Wt, Acido- lated 
rats mg phil Beta Delta delta 
% — 
Controls 4 7.5 4448 2.16 8.65 25 
Thyroidec- 3 9.3 00M cL OU aloes 


tomized 


assay presented this macroscopic alteration to 
a very pronounced degree and it can be safely 
concluded that they must have been largely 
devoid of acidophilic granulation. As to the 
beta cell count, it has been previously re- 
ported(3), and amply confirmed on additional 
material, that the regression of this cell type 
is a more sensitive sign of thyroid hormone 
deficiency than the degranulation of the acido- 
phils. Thus we have no reason to doubt that 
the ratio between the beta cell counts of the 
control and the thyroidectomy-pituitaries in 
the assay material was similar to that seen in 
the glands subjected to microscopic examina- 
tion. The same holds true for the hyperplasia 
of the delta cells. 

Discussion. Since the pituitaries of thy- 
roidectomized rats, which contain negligible 
amounts of beta- and acidophilic granular 
material, were found to have an ACTH con- 
tent almost as high as that of normal glands, 
it has to be concluded that neither the beta 
nor the acidophilic granule can be the cyto- 
logical sign of ACTH storage in the rat hypo- 
physis. The failure of the ACTH levels in 
the pituitary to rise concomitantly with the 
thyroidectomy-induced increase in the amount 
of delta-granular material makes a connection 
between this hormone and the delta granules 
appear unlikely, without, however, disproving 
it unequivocally. The fact that ACTH can 
not be identified with the histologically de- 
monstrable secretory products of acidophils 
or beta cells does not preclude the possibility 
that the principle is produced by these cells 
and stored in the form of submicroscopic par- 
— ticles, but the burden of proof is on those who 
claim that any single one of the twa cell types 
is the sole source of ACTH, and the evidence 
so far marshalled in favor of such views can 
not be regarded as conclusive. The role of 
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the delta cells in the elaboration of ACTH 
will be the subject of further studies in this 
laboratory. 

The results presented in this paper also 
indicate that the reduction in the output of 
ACTH in hypothyroid rats(11,12) is not 
primarily due to an inability of the pituitary 
to elaborate adequate amounts of ACTH on 
account of a “shift” to thyrotrophin produc- 


tion, as suggested by Zarrow and Zarrow(12), 


but rather to a disturbance in the release of 
ACTH. The failure of larger than normal 
quantities of ACTH to accumulate in the 
thyroidectomy-pituitary, however, indicates 
that the pace of ACTH production also must 
be slowed down to such an extent that the 
physiological balance of elaboration and dis- 
charge is maintained. The presence of not 
significantly diminished pituitary ACTH 
stores in hypothyroidism explains the findings 
that thiouracil-treated rats react to epineph- 
rine with a drop in adrenal ascorbic acid(13) 
and that the stressor effect of starvation leads 
to marked adrenal enlargement in thyroidec- 
tomized rats(14). 

Summary. 1, A comparative assay of the 
pituitary ACTH content of normal and thy- 
roidectomized rats was carried out by means 
of the adrenal ascorbic acid depletion method 
in hypophysectomized rats. 2. No significant 
difference was found between the ACTH 
stores of the normal and the thyroidectomy- 
pituitaries. 3. Since the hypophyses of thy- 
roidectomized rats are extremely poor in acid- 
ophilic and beta-granular material, it is con- 
cluded that neither the granulation of the 
acidophils nor that of the beta cells can be 
the morphological equivalent of ACTH stor- 
age. 4. The nature of the defective secretion 
of ACTH in hypothyroidism is briefly dis- 
cussed. 


11. Dean, H. W., and Greep, R. O., Endocrinology, 
1947, v41, 243. 

12. Zarrow, M. X., and Zarrow, I. G., Proc. Soc. 
Exp. Brox. anp Mep., 1951, v76, 620. 

13. Gabrilove, J. L., and Soffer, L. J., Endocri- 
nology, 1950, v47, 461. 

14. Halmi, N. S., Unpublished observations. 
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Pharmacology of Nicotine: Antipyretic, Renal and Adrenocorticotrophic 


Effects. 


(18834) 


Tuomas H. Maren.* (Introduced by E. K. Marshall, Jr.) 


From the Department of Pharmacology and Experimental Therapeutics, Johns Hopkins Universit. 
School of Medicine, Baltimore. 


Nicotine has antidiuretic activity in the rat 
(1,2) and in man(1,3). Derivatives of 3- 
hydroxycinchoninic acid have been shown ‘to 
be antidiuretic in the dog(4) and rat(2). In 
the rat, hypophysectomy abolished this effect 
of nicotine(1), and it has since been found 
that partial neurohypophysectomy jis sufficient 
to abolish the antidiuretic effect both of 
nicotine and 3-hydroxycinchoninic acid de- 
rivatives in the rat(2). 

Because of this similarity and the concurrent 
work in this laboratory on various effects of 
the substituted cinchoninic acids, it became 
of interest to investigate nicotine with regard 
to some of these other properties. When the 
cinchoninic derivatives were assayed for anti- 
pyretic activity(5), nicotine was included and 
found highly active. The temperature studies 
were therefore extended, and renal and adreno- 
corticotrophic effects of nicotine were also 
investigated. These comprise the present re- 
port. 

In all experiments, solutions of nicotine 
bitartrate in 0.9% saline were used. Figures 
given refer to the salt. 

Antipyretic. Methods were identical with 
those previously described(5). The data of 
Table I permit a quantitative estimation of 
the antipyretic activity of nicotine in the rat. 
Based on the earlier study(5), nicotine is 60 
times as active as salicylic acid and 10 times 
as active as the most potent of the cinchoninic 
acid derivatives. Fig. 1 shows that the anti- 


* Eli Lilly Fellow in Pharmacology and Experi- 
mental Therapeutics. } 

1. Burn, J. H., Truelove, L. H., and Burn, I., Brit. 
Med. J., 1945, v1, 403. 

2. Maren, T. H., and Bodian, D., Am. J. Physiol., 
1951, v164, 49. 

3. Walker, J. M., Quart. J. Med., 1949, v18, 51. 

4. Marshall, E. K., Jr., and Blanchard, K. C., J. 
Pharm. and Exp. Therap., 1949, v95, 185. 

5. Maren, T. H., J. Pharm. and Exp. Therap., 1951, 
v101, 313. 


TABLE I. Effect of Nicotine on Temperature of 


the Rat. 
Dose, No. Change in temp. (F) 
mg/kg rats 1 hr after drug 
Yeast fever 
5 4 =o. 
2 4 —=2.1 
8 8 —l1 
3 4 1.2 
Saline 9 0 
Unfeyered 
5 6 —1,9 
2 3 ol 
8 3 + .2 
Saline 5) ST Ree 


Drug was given subcutaneously in approximately 
1 ml of solution. 


pyretic effect may also be obtained in the 
rabbit and dog. The effect on the unfevered 
rat (Table I) is similar to that of acetanilide 
(6) and 3-hydroxy-2-phenylcinchoninic acid 
(5); lowering of temperature is observed at 
a dose 4-6 times greater than that needed for 
antipyresis. A survey of the literature does 
not reveal any occasion when nicotine has 
been given to a fevered: animal and the tem- 
perature recorded. On the normal animal 
there are scanty and inconclusive early reports 
on doses ranging from homeopathic to lethal, 
where both rises and falls in temperature had 
been noted. Some of these data were reviewed 
by Lestschinskaja(7). She found that the 
rabbit and the guinea pig usually responded 
to subcutaneous injection of 1 mg/kg with a 
fall in temperature. 


Renal. The antidiuretic effect of nicotine 
has not previously been reported in the dog, 
nor has there been any study of creatinine 
clearance following nicotine. In 5 dogs, the 
minimum dose for sharp antidiuresis was 0.05- 
0.20 mg/kg. “In these experiments the ani- 


6. Smith, P. K., and Hambourger, W. E., J. 
Pharm. and Exp. Therap., 1935, v54, 346. 

7. Lestschinskaja, O., Z. fiir die Ges. Exp. Med., 
1930, v69, 14. 


RABBIT, subcutaneous DOG, subcutoneous 
— — SALINE NICOTINE, mg/kg 
/\ 
F —— NICOTINE 2 mg/kg Zz F 
te 06 
10 f 
4 
T 
105, 
\ 04 
103 


DOGS, SALINE iv, and subcutaneous 
Lv. 


4 105 


MINUTES 
FIG. 1. Effect of nicotine on the febrile rabbit 
and dog. Fever induced by intravenous Pyromen 
Dogs are 


Arrow at drug or saline. 
identified by letter. 


at 0 time. 
30 


25 


PIG. 2. 


mals were fasted for 16-18 hours, 40 ml water 
per kilogram was given at zero time, and 
nicotine injected intravenously  (approxi- 
mately 2.ml in 40 seconds) during diuresis. 
Fig. 2 is a typical curve. This experiment in- 
cludes creatinine clearance, performed in the 
usual manner. It may be noted that im- 
mediately after nicotine injection there is a 
transient fall in clearance, which probably 


75 90 
MINUTES 
Effect of nicotine on water diuresis and creatinine clearance in the dog. 


NICOTINE ON FEVER, WATER, AND ADRENAL 


corresponds to a vascular effect in this period. 
Following this, however, and at the lowest 
points of urine flow, creatinine clearance is 
essentially normal. Similar results were ob- 
tained with 3 other dogs. Creatinine was 
determined by the Jaffe reaction(8). Nicotine 
antidiuresis therefore appears to be largely 
independent of creatinine clearance, which is 
probably a measure of glomerular filtration in 
the dog. Like. 3-hydroxy-2-phenylcincho- 
ninic acid(4), nicotine appears to increase the 
tubular reabsorption of water in the dog. In 
connection with previous studies from this 
laboratory(9), it was of interest to find 
whether nicotine affected the renal excretion 
of phenol red. After the intravenous injection 
of 6 mg of phenol red and 0.2 mg/kg of nico- 
tine, the amount of dye excreted in 1 and 2 
hours was measured. Figures in parenthesis 
are for phenol red without nicotine. At these 
times respectively Dog J excreted a total of 2.7 
(2.9) and 3.4 (3.8) mg; Dog T a total of 
3.6 (3.7) and 4.1 (4.2) mg. Unlike the 


DOG 75 KG 
0.2 MG. NICOTINE /KG. IV. AT es 

300 CC WATER AT O TIME PER 

26 CREATININE AT IO MIN , SUBCUTANEOUS 
URINE FLOW 
— — — CLEARANCE 


UV 
P 


GREATININE 


cinchoninic acid derivatives(9), therefore, 
nicotine does not ‘appear to inhibit the renal 
excretion of phenol red. 


8. War Department Technical Manual (TM 
8-227): Methods for Laboratory Technicians, 1947, 
p196. 

9. Dearborn, E. H., Bull. Johns, Hopkins Hosp., 
1950, v54, 346. 
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TABLE II. Effect of Nicotine on Adrenal Ascorbic Acid in the Rat. 


— Normal + ——— Hy pophysectomized ____, 
mg ascorbic acid/100 g adrenal + S. E. of mean 
No. rats No. rats 
Saline 13 403 + 17 Saline 8 329 + 14 
Nicotine 6 335 + 11 Nicotine 6 358 + 13 
2mg/kg 4 mg/kg 
ACTH 4 199 + 11 
10 mg/kg 


All drugs given subcutaneously 2 hr before removal of adrenals. 


Adrenocorticotrophic. Using the same tech- 
nics and criteria as previously described(10), 
the effect of low doses of nicotine on adrenal 
ascorbic acid in normal and hypophysecto- 
mized male Sprague-Dawley rats was studied. 
Table II gives the results. In the intact ani- 
mal the difference between nicotine and saline 
is significant (P<.01); since hypophysectomy 


abolishes this effect it appears that nicotine. 


like cinchoninic acid derivatives and a number 
of other drugs(10), stimulates the adrenal by 
a pathway which includes the adenohypophy- 
sis. In the operated animals, inspection at 
autopsy with a low power lens revealed total 
absence of the anterior lobe and a variable 
~ amount of neural stalk and lobe. 

Discussion. Brief mention may be made of 
the relation that the above doses bear to the 
lethal or to those that give prominent side 
effects. At the range used in the rat there 
were occasional bouts of irregular breathing 
15-30 minutes after injection. No other ab- 
normalities were noted. At 15 mg/kg sub- 
cutaneously, tachypnea was observed; at 30- 
100 mg/kg there were brief convulsions and 
partial collapse, with recovery. In the dog 
the order of dose used above (0.1 mg/kg) 
caused panting and some salivation for about 
30-60 seconds after intravenous injection. No 
signs were seen after subcutaneous injection. 


10. Blanchard, K. C., Dearborn, E. H., Maren, T. 
H., and Marshall, E. K., Jr., Bull. Johns Hopkins 
Hosp., 1950, v86, 83. 


Four mg/kg intravenously caused convulsion 
and collapse, with recovery. The intravenous 
L.D.50 in the dog is reported as 5 mg/kg, 
presumably as free base(11). In the rabbit 
slight increase in respiratory rate was noted 
at 1 mg/kg intravenously, but not subcutane- 
ously. The intravenous L.D.;0 in the rabbit 
is 6.2 mg/kg, presumably as free base(12). 
In these species therefore the doses used are 
about 1/25-1/50 of ‘the convulsive or lethal. 

It therefore appears that in relatively low 
doses nicotine shares the antipyretic, anti- 
diuretic, and adrenocorticotrophic — effects 
previously reported for 3-hydroxycinchoninic 
acid and its derivatives. 


Summary. 1. Nicotine lowers the tempera- 
ture of the fevered rat, rabbit and dog. 2. In 
addition to the previously described anti- 
diuretic effect of nicotine in rat and man, 
the present experiments indicate high activity 
in ‘the dog, and independence of this effect 
from changes in glomerular filtration rate. 
Nicotine did not lower ‘the renal excretion of 
phenol red in the dog. 3. Nicotine lowers the 
concentration of ascorbic acid in the rat 
adrenal. This effect is completely abolished 
by total adenohypophysectomy. 


11. Larson, P. S., Finnegan, J. K., and Haag, H. 
B., J. Pharm. and Exp. Therap., 1949, v95, 506. 

12. Larson, P. S., Haag, H. B., and Finnegan, J. 
K., Proc. Soc. Exp. Brot. AnD Mep., 1945, v58, 231. 
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Reduction of Urinary Sodium and Potassium of Diabetic Rats Produced by 


Hypophyseal Growth Hormone.* 


(18835) 


CONSTANTINE M. GLAFKIDES AND LESLIE L. BENNETT. 


From Division of Physiology and Institute of Experimental Biology, University of California. 
Berkeley. 


Growth hormone is known to produce 
hyperglycemia and glycosuria in normal cats 
(1) and dogs(2), and to intensify the gly- 
cosuria of diabetic rats(3). Growth hormone 
also reduces urinary nitrogen excretion and 
promotes gain in weight and deposition of 
body protein in normal rats(4). Reduction 
of urinary nitrogen excretion in diabetic rats 
occurs even when the glycosuria is increased 
(3). One would anticipate that the deposi- 
tion of increased amounts of body protein and 
gain in weight under the influence of growth 
hormone would be associated with a positive 
sodium and potassium balance. The negative 
sodium and potassium balance that is asso- 
ciated with severe, uncontrolled diabetes is 
well recognized. Insofar as the authors are 
aware, no observations regarding the effects 
of growth hormone upon sodium and potas- 
sium balance have been reported. It is the 
purpose of this paper to report the fact that 
the administration of growth hormone to dia- 
betic rats reduces the urinary excretion of 
both sodium and potassium even in the face 
of an increase in glycosuria. 

Methods. The diabetic rats used were male 
animals of the Long-Evans strain that were 
partially depancreatized when they were from 
25 to 32 days old. They were used in the ex- 
periments when they were from 120 to 150 
days of age, and had an established glycosuria. 
Each rat was maintained in an individual 
metabolism cage and 24-hour urine specimens 


* Aided by grants form Research Board of the 
University of California, and Christine Breon Fund 
of the School of Medicine. 
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1947, v150, 400. 

4,-Gordan; 1G. -S.,- Bennett; 5°. Li (Core and: 
Evans, H. M., Endocrinology, 1948, v42, 153. 


were collected daily for determination of glu- 
cose, nitrogen, sodium, and potassium. Glu- 
cose was détermined as total reducing sub- 
stances by the Somogyi procedure, nitrogen by _ 
the micro-Kjeldahl method, and sodium and 
potassium by the Perkin-Elmer flame pho- 
tometer, model 52A, with a lithium internal 
standard. Four groups of animals with 4 or 
5 animals in each group were studied. Two of 
the groups were maintained on the regular 
stock diet and two groups received the same 
diet with an additional 600 mg of potassium 
chloride added to the diet daily. In most in- 
stances the food intake was constant through- 
out the period of observation, the method 
previously described(3) being used to con- 
trol the food intake. In two of the groups 
during growth hormone injection, some of the 
animals reduced their food intake slightly, but 
the maximum reduction in food consumption 
was 700 mg per rat per day for the treatment 
period and the total food intake remained in 
excess of 20 g per rat per day. The growth 
hormone was administered twice daily intra- 
peritoneally and was prepared by Dr. C. H. 
Li, according to the previously published 
method(5).1 


Results and discussion. The data for urin- 
ary sodium are summarized in Table I. It 
will be seen that in all groups growth hormone 
produced a reduction of urinary sodium and 
that the greatest reduction occurred in Groups 
I and IV where there was minimal or no re- 
duction respectively in food consumption 
during the treatment period. The data for 
the glycosuria are not shown in the table, but 
the average glycosuria increased in all groups 
except Group I. One rat in Group I had a 
considerable reduction in glycosuria while 


5. Li, C. H., Evans, H. M., and Simpson, M. E., 
J. Biol. Chem., 1945, v159, 353. 

+ The authors are indebted*to Dr. C. H. Li for 
generous supplies of the hormone. 
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TABLE I. Effect of Growth Hormone on Urinary Sodium (Sodium Hxpressed as mg/Rat/Day). 


Control period —3s mg GH per day—, 


76 mg GH per day— 


Group mg of Na mg of Na Change p§ mg of Na Change p 

I Stock diet, 5 rats 5242) 44t(+4(3) —8 .05 
(20 g food daily) (10) * 

II Stock diet, 4 rats 69 + 2 66-1 (38), —3. 50 683+4 (2) —6 .20 
(20 g food daily) (10) 

III High KCl diet, 5 rats Oihen ul 51t + 4 (3) —6 .10 
(21 g food daily) (10) 

IV HighKCldiet,5rats 7641 65 +373) —11<.01 6423 (2) —12 <91 
(21 g food daily) (10) 


* Fig. in parentheses indicates No. of days of observation, 
+ Food consumption reduced by 0.4 g per day during ‘this period. 
¢ Food consumption reduced by 0.7 g per day during this period. 


§ From Fisher table of t. 


zd2 


|| Std dev. =) 
n(n-1) 


TABLE II. Effect of Growth Hormone on Urinary Potassium (Potassium Expressed in 


mg/Rat/Day* ) 
Control period ,—3 mg GH per day— —6 mg GH per day—, 
Group mg of K mg of K Change p mg of K Change p 
I Stock diet, 5 rats 58+2(10) 4243(3) —16 <.01 
II Stock diet, 4 rats 82+1(10) 68+5 (3) —14 <.01 67 + 5 (2) —15 <.01 
iI High KCl diet, 382 + 4 (10) 353 +12 (3). —29 <.01 
5 rats 
IV High KCI diet, 386 = 2 (10) 366% 5 (3) —20 <.01 36849 (2) —18 <.01 
D rats 


* This table arranged as in Table I, and based on same animals; hence food consumption, 


etc. are the same as in Table I. 


receiving growth hormone and, although the 
other rats had an increase, there was no en- 
hancement of glycosuria for the group as a 
whole. The average daily increase in gly- 
cosuria was 550, 740, and 830 mg per rat per 
day in Groups II, III, and IV respectively 
during the administration of 3 mg of growth 
hormone per rat per day. In Groups II and 
IV during the administration of 6 mg of 
growth hormone per day, the average gly- 
cosuria increased 510 and 180 mg per day re- 
spectively. When the change in glycosuria 
was compared statistically on the basis of in- 
dividual animals, the increase was significant 
in 7 out of 28 cases. 


The data for urinary potassium are sum- 
marized in Table II. It will be seen that all 
groups showed a reduction in potassium ex- 
cretion which in all cases was statistically 
significant, and it is to be remembered that 
there was no change in the food consumption 
during the treatment period in four of these 


six sets of observations. In all groups there 
was a marked reduction in urinary nitrogen 
varying from 73 to 152 mg per rat per day. 
When compared statistically on an individual 
animal basis, this was significant in 21 out of 
28 cases. It seems very reasonable that the 
nitrogen and potassium retaining effects of 
growth hormone are related, in that both po- 
tassium and nitrogen are integral intracellular 
components of protoplasm. 


The increase in glycosuria produced by 
withdrawal of insulin therapy in a diabetic 
animal is associated with an increase in the 
urinary excretion of nitrogen, sodium, and 
potassium. It is remarkable that the increase 
in glycosuria produced by growth hormone is 
associated with a reduction in the urinary 
excretion of nitrogen, sodium, and potassium. 
It seems unlikely that any contaminants of 
the growth hormone preparation used could 
have been responsible for these effects upon 
electrolyte metabolism. In our hands, ad- 
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renocorticotropic hormone causes sodium and 
potassium loss when it intensifies the gly- 
cosuria of diabetic rats, an effect opposite to 
that produced by growth hormone in these 
experiments when it enhanced the glycosuria. 
Posterior pituitary antidiuretic hormone might 
be expected to have effects upon electrolyte 
balance, but one would anticipate that they 
would be in the direction of sodium loss. The 
growth hormone preparation used in these ex- 
periments was assayed for antidiuretic activ- 


6. Ham, G. C. and Landis, E. M., J. Clin. Invest., 
1942, v21, 455. 
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ity by the Ham and Landis(6) procedure and 
found to be free of any antidiuretic activity 
whatsoever at a single dose level of 0.5 mg, 
a daily dose found to produce changes in so- 
dium and potassium balance of normal ani- 
mals (unpublished observations). 

_ Conclusion. The administration of growth 
hormone to partially depancreatized diabetic 
rats produces a reduction in urinary nitrogen, 
sodium and potassium excretion, although 
there may be a concomitant increase in gly- 
cosuria. 
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Previous work in this laboratory has dem- 
onstrated a severe impairment of antibody 
response in pyridoxine and pantothenic acid- 
deficient rats(1). Riboflavin(1), biotin and 
thiamine deficiencies(2) had considerably less 
effect. Later experiments proved conclusively 
that the absence of pantothenic acid per se 
and not the concomitant inanition was respon- 
sible for antibody impairment(3). Recently 
we have presented evidence which suggests 
that pantothenic acid and pyridoxine function 
directly in antibody synthesis(4). 


* This investigation was supported by grants from 
the National Vitamin Foundation, and Hoffmann- 
La Roche. 

+ Present address: Department of 
Science, University of Pittsburgh. 

t Present address: Institute of Pathology, Western 
Reserve University, Cleveland, O. 
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In the present paper, the relationship be- 
tween vitamins and antibodies has been ex- 
tended further to include the effect of defi- 
ciencies of pteroylglutamic acid, niacin-trypto- 
phan, vit. By, vit. A, and vit. D upon the 
antibody response of the rat to the antigenic 
stimulus of human erythrocytes. 

Methods. Ninety-six male weanling albino 
rats of the Sprague-Dawley strain were dis- 
tributed into 5 groups as indicated in Table I. 
The animals were housed individually in wide- 
meshed, screen-bottom cages and weighed 
weekly. The composition of the basal diets 
fed to each group is presented in Table II. 
These basal diets were fed ad lib. throughout — 
the experimental period. Immunization was 
instituted in the vit. A, Bis, and D groups 
after 4 weeks, in the niacin-tryptophan group 
after 5 weeks, and in the pteroylglutamic acid 
group after 9 weeks on experiment. A 10% 
suspension of washed Group O, Rh positive 
human erythrocytes in physiological saline 
was injected intraperitoneally as antigen. An 
initial dosage of 0.5 ml of the erythrocyte 
suspension was followed by two 1 ml injec- 
tions.on alternate days. Five days after the 
final injection, the rats were bled from the 
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TABLE I. Summary of Growth Data, Blood Counts, and Bone Ash Analyses.* 


No. of ——Body wt—, 


Blood countst———_,_ -—-% bone ash—, 


Type rats Initial Finalt Leucocytest Granulocytes} Femurs Humerii 

Pteroylglutamic acid 

Controls 10 39 3 19800 1700 

Deficient 9 38 14] 4900 100 
Niacin—tryptophan 

Niacin coutrols 5 44 208 — — 

Tryptophan controls 5 44 189 —- = 

Deficient 10 43 — — 
Vit. A, Controls 10 44 172 — -—— 

Deficient 15 44 — — 
Vit. Byo, Controls 6 45 129 — — 

Deficient if 45 } — —_ 
Vit. D, Controls 10 42 a — 

Deficient 9 43 — — 


* All values are group averages.’ 
+ At time of bleeding for antibody determination. 


t No. per cmm of blood. 


TABLE II. Composition of the Basal Diets. 


Pteroyl- Niacin- 
glutamic trypto- 
Component aaidt t phant § Vit. Allf Vit. Byot** 
(% composition) 
Casein ‘‘ vitamin-free’’ 25 9 25 — 
Sucrose 57.77 44.62 60.76 — 
Hydrogenated vegetable oil 10 — —= == 
Corn oil 2 2 —_ 5 
Cotton seed oil _ ~ 10 — 
Salts (5) 4 4 4 2 
Sulfasuxidine 1 — — — 
Choline chloride 2 20 20: 
i-inositol 03 03 .03 
dl-g,-tocopherol acetate 01 01 01 
2-methyl-1, 4-naphthoquinone 001 001 001 
L (—) eystine = 15 a 
p-aminobenzoie acid — _- OL 
Todinated casein — = — 
Corn grits — 40 = = 
Soybean meal (6% fat) — — — 46.5 
Whole ground yellow corn — —_ — 46,22 
Ground gluten _— —_— — — 
Calcium carbonate —_ — ae 2 
Sodium chloride — >= = = 
Daily vit. supplementation (+) * 
Thiamine 40 40 40 160 
Riboflavin 60 60 60 240 
Pyridoxine 50 50 50 200 
Calcium pantothenate 300 150 150 800 
Niacin 100 a 100 800 
Biotin 3 Al 1 10 
Pteroylglutamic acid —_ 1 1 10 


* Supplied im daily pill. 


+ All animals received 2 drops haliver oil weekly per os furnishing 3000 U.S.P. units of vit. 
A and 24 U.S.P. units of vit. D. 

$20 ug of pteroylglutamic acid were included in daily vit. pill of controls. 

§ Daily vitamin pill of niacin controls contained 150 wg niacm. For tryptophan controls, 
basal diet was supplemented with 0.4% pu-tryptophan at expense of sucrose. 

|| Hach rat received weekly 250 U.S.P. units of crystalline vit. Ds (Drisdol) per os and 10 


of ascorbic acid by intraperitoneal injection. 


{| Controls received weekly 2 drops Wesson oil containing 3000 U.S.P. units of vit. A acetate. 
** Controls received 0.4 wg of vit. By. on alternate days by intraperitoneal injection. 
+t Controls received weekly per os 250 U.S.P. units of crystalline vit. Ds, (Drisdol). 
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TABLE I 
INDIVIDUAL HEMAGGLUTININ TITERS 
Pteroyl-, Niocin- *| ¢ RG. 
glutamic Acid | Tryptophane | Vitamin A | Vitamin Bi2 | Vitamin D 
TITERS [— OO0O00O |QOOCOO0OO) 
12560] OOOO |@@@@@s |OOCOOCOOA| AAAAA [OAAAAAAA 
1280; OOO ry ooO4 A Oa 
640, OO oo000 oa om a 
AAAAA 
3207 1@) ObbbbAA| paaba 
1604 aaa ~ Aa 
80, 
40} 
20 
104 
o, 44 AAA 
AAAA 
ul il 


O- Control animals 

®@ - Tryptophane controls 

A - Deficient onimals 

* _ In this group the cleor circles represent the niacin controls 


heart, under ether anesthesia and the sera 
tested for agglutinin titers as described pre- 
viously (1). 
and differential counts were carried out in the 
animals of the pteroylglutamic acid group in 
accordance with standard procedures. Two 
hundred cells were counted in the differential 
determinations. Bone ash analyses of the fe- 
murs and humerii of the animals of the vita- 
min D group were made at the termination 
of the experiment. 


Results. The individual hemagglutinin 
titers are recorded in Table III. It is evident 
that a severe impairment of antibody response 
occurred in pteroylglutamic acid-deficient 
rats. Thus, none of these animals possessed 
a measurable agglutinin titer. The: decreased 
growth rate, leucocyte and granulocyte counts 
constitute evidence for the development of a 
pteroylglutamic acid deficiency state (Table 
Ly. 

The results of the niacin-tryptophan experi- 
ment demonstrated that supplementation of 
the basal diet (deficient in both niacin and 
tryptophan) with either niacin or tryptophan 
produced a marked growth response (Table 
I). In contrast, however, a normal antibody 
response was obtained only in those animals 


Total leucocyte determinations. 
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receiving added tryptophan (Table III). 
Thus, the serum antibody content of the nia- 
cin controls did not differ significantly from 
that observed in the deficient animals. It is 
also evident that a niacin-tryptophan defi- - 
ciency produced only a relatively moderate im- 


.pairment of antibody response. 


It may be further seen in Table III that a 
significant decrease in antibody levels was 
observedin vitamin A-deficient rats. The 
magnitude of this decrease, however, was not 
as great as that observed in pteroylglutamic 
acid or pantothenic acid-deficient rats, where, 
as a general rule the serum antibody content 
following the same antigenic stimulus is not 
detectable by our methods(1,3). Character- 
istic vitamin A-deficiency symptoms were ob- 
served in the animals not receiving the vita- 
min A supplementation. 

In contrast to the above observations, no 
significant difference was noted between the 
antibody titers of vit. Bys or vit. D-deficient 
rats and those of their respective controls. A 
marked decrease in the percentage of bone ash 
was observed in the rats of the vit. D group 
not receiving added vit. D (Table I). 

Discussion. The results of the present ex- 
periment clearly demonstrate that a severe 
impairment of antibody response occurred in 
pteroylglutamic acid-deficient rats. Similar 
findings were reported by Little e¢ al.(6) in 
chicks which can be made pteroylglutamic 
acid-deficient without recourse to sulfa drugs. 
It is well recognized that a pteroylglutamic 
acid deficiency produces a leucopenic state. 
Since lymphocytes may be the site of antibody / 
formation(7-9) it is conceivable that the sup- 
pression of circulating antibodies observed in 
pteroylglutamic acid-deficient rats could be 
attributed to the parallel development of the 
leucopenia. Preliminary curative experiments 


5. Jones, J. H., and Foster, C. J., J. Nutrition, 
1942, v24, 245. 

6. Little, P. A., Oleson, J. J., and Roesch, P. K., 
J. Immunol., 1950, v65, 491. 

7. Ehrich, W. E., and Harris, T. N., J. Exp. Med., 
1943, v76, 335. 

8. Dougherty, T. F., Chase, J. H., and White, A., 
Proc. Soc. Exp. Brox. anp Mep., 1944, v57, 295. 

9. Harris, T. N., Grimm, E., Mertens, E., and 
Ehrich, W. E., J. Exp. Med., 1945, v81, 73. 
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acid metabolism. 
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in which massive doses of pteroylglutamic 
acid were administered to previously im- 
munized pteroylglutamic acid-deficient rats 
resulted in: (a) an immediate and sustained 
growth response, (b) a pronounced rise in the 
number of leucocytes within 7 days, and (c) 
no significant increase in antibody titers 
within 3 weeks. Thus, the leucopoietic re- 
sponse was not paralleled by an increase in 
antibody synthesis. It is of interest to note 


that the delay in antibody response observed 


in this experiment is quite similar to that fol- 
lowing pantothenic acid or pyridoxine admin- 


‘istration to previously immunized , deficient 


animals(4). 

The pronounced effect of a pteroylglutamic 
acid deficiency upon antibody response is 
comparable with that previously noted in a 
pantothenic acid deficiency state(1,3). The 
observation of Wright and Welch(10) that 
the utilization of pantothenic acid may be 
dependent upon the presence of pteroylglu- 
tamic acid suggests that the action of pteroyl- 
glutamic acid upon antibody synthesis may be 
mediated through its effect upon pantothenic 
Further experimentation 
will be required to determine whether pteroyl- 
glutamic acid plays a direct or indirect role 
in the processes of antibody fabrication. 

In agreement with previous observations 
(11-13), supplementation of the low niacin- 
tryptophan diet with either niacin or trypto- 
phan produced a marked growth response. 
However, a normal antibody response was 
obtained only in those animals receiving 
added tryptophan. The efficacy of trypto- 
phan in promoting both growth and antibody 
synthesis is explicable in terms of its ability 
to serve as a direct precursor of niacin(14) 
or niacin derivatives as well as its essential 


10. Wright, L. D., and Welch, A. D., J. Nutrition, 
1944, v27, 35. 

11, Krehl, W. A., Sarma, P. S., Teply, L. J., and 
Elvehjem, C. A., J. Nutrition, 1946, v31, 85. 

12. Krehl, W. A., de la Huerga, J., and Elvehjem, 
C. A., J. Biol. Chem., 1946, v164, 551. 

13. Hundley, J. M., J. Nutrition, 1947, v34, 253. 

14. Heidelberger, C., Gullberg, M. E., Morgan, 
A. F., and Lepkovsky, S. J., J. Biol. Chem., 1949, 
v179, 151. 


529 


function in protein synthesis. On the other 
hand, the mechanism through which niacin 
affects growth under these conditions is not 
completely understood. In this connection, 
Krehl e¢ al.(12) have observed that niacin 
improves the utilization of tryptophan. Nia- 
cin may also exert a “sparing” effect upon the 
requirement for tryptophan. Whatever the 
mechanism, it seems clear that niacin alone 
cannot satisfy the requirement for antibody 
synthesis on this basal diet. With the admin- 
istration of niacin, it would appear that tryp- 
tophan is the limiting factor for antibody for- 
mation although apparently sufficient amounts 
of this amino acid are made available under 
these circumstances for growth purposes. The 
production of a more pronounced tryptophan 
deficiency state by employing a diet com- 
pletely devoid of tryptophan would aid in 
clarifying the role of this compound in anti- 
body synthesis. In the course of our studies 
on the relationship of nutritional state to anti- 
body formation, we have occasionally encoun- 
tered similar instances where a diet may be 
adequate for growth purposes and yet not for 
antibody synthesis. Thus, it would seem that 
the process of antibody synthesis is a more 
sensitive criterion of dietary adequacy than 
that of growth and, as such, may be used to 
advantage in the evaluation of nutritional 
state. 


The role of vit. A in influencing susceptibil- 


' ity to infection has been the subject of numer- 


ous investigations(15-18). Studies (19-21) 
designed to determine the ability of vit. A- 
deficient animals to form antibodies following 
antigen administration have shown no impair- 
ment of this function. In the present experi- 
ments, however, the antibody titers of vit. A- 
deficient rats were definitely lower than those 
of control animals. The decrease, however, 


15. Clausen, S. W., Physiol. Rev., 1934, v14, 309. 

16. Wolbach, S. B., and Howe, P. R., J. Exp. Med., 
1925, v42, 753. 

17. Siegfried, O., Zbid., 1930, v52, 519, 533. 

18. Bradford, W. L., and Boynton, L., J. Nutri- 
tion, 1931, v4, 323. 

19. Lassen, H. C. A., J. Hyg., 1930, v30, 300. 

20. Zilva, S. S., Biochem. J., 1919, v13, 172. 

21. Green, M. R., Am. J. Hyg., 1933, v17, 60. 
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was of a lower order of magnitude than that 
encountered in pantothenic acid, pyridoxine 
(1), and pteroylglutamic acid deficiencies. It 
seems possible that the increased susceptibil- 
ity of vit. A-deficient animals to disease 
processes may be attributed in part to their 
decreased antibody-synthesizing ability. 
With respect to vit. D-deficiency, it is gen- 
erally agreed that rachitic animals are no 


more susceptible to infection than controls re-_ 


ceiving adequate doses of this vitamin(15). 
In addition, studies(20,21) of the ability of 
rachitic animals to produce antibodies follow- 
ing antigen injection have indicated that there 
is no impairment of this function. In agree- 
ment with these observations we found no sig- 
nificant difference between antibody levels of 
vit. D-deficient rats and those of control ani- 
mals. 

The experiments reported in this paper 
complete an extensive study of the effect of 
the following deficiency states upon the anti- 
body response of the albino rats (Sprague- 
Dawley strain) to the antigenic stimulus of 
Group O, Rh positive human erythrocytes: 
pantothenic acid, pyridoxine, riboflavin(1), 
biotin, thiamine(2), pteroylglutamic acid, 
miacin-tryptophan, vit. By2, vit. A, and vit. 
D. Identical immunological procedures were 
employed throughout these investigations. 
From our results it is possible to classify 


PANTOTHENIC ACID AND PANTHENOL 


roughly the effects of these deficiencies upon 
circulating antibodies into 3 groups as fol- 
lows: Group I. Severe impairment of anti- 
body response—pantothenic acid, pyridoxine, 
and pteroylglutamic acid deficiencies. Group 
II. Moderate impairment of antibody re- 


_ sponse—riboflavin, thiamine, biotin, vit. A, 


and niacin-tryptophan deficiencies. Group 
III. No impairment of antibody response— 
vit. Bys, and vit. D deficiencies. 


Summary. 1. Hemagglutinin production in 
response to inoculation with human erythro- 
cytes has been investigated in pteroylglutamic 
acid, niacin-tryptophan, vit. Bis, vit. A, vit. 
D-deficient rats and their respective controls. 
2. Severe impairment of antibody response 
was observed in the pteroylglutamic acid-de- 
ficient rats. Moderate impairment was dem-_ 
onstrated in vit. A and niacin-tryptophan de- 
ficiencies. Vit. By. and vit. D deficiencies had 
no effect on antibody formation. 3. A rough 
classification of the effect of 10 deficiency 
states upon antibody production is presented. 
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analogue of pantothenic acid, was demon- 
strated by Pfaltz(1) to be approximately as) 
effective as pantothenic acid in enhancing 
growth and curing pantothenic acid deficiency’ 
symptoms of the rat. Later Burlet(2) showed 
that panthenol was oxidatively converted to 


1. Pfaltz, H., Z. f. Vitaminforschung, 1943, v13, 
236. | 
2. Burlet, E., Jbid., 1944, v14, 318. 
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TABLE I. Relative Hffectiveness of Pantothenic Acid and Panthenol in Stimulating Antibody 
Response of Pantothenic Acid Deficient Rats. 
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Pantothenic acid deficient --Pantothenie acid controls -——Panthenol controls 
Wt (g) Wt (g) Wt (g) 
Tnitial Final* Titer Tnitial Final* Titer Tnitial Final* Titer 
39 85 0 47 261 1:5120 46 247 1:5120 
44 74 0 47 QF §120 . 48 278 2560 
48 115 0 46 260 5120 47 278 2560 
42 78 0 48 288 5120 46 247 5120 
40 78 0 44 262 5120 44 248 5120 
41 85 0 48 287 2560 47 255 5120 
44 74 0 44 267 5120 45 256 5120 
41 110 0 46 270 2560 48 284 5120 
44 {fs 0 46 260 5120 46 254 2560 
36 61 0 45 261 2560 44 246 5120 
40 77 0 
41 83 0 
34 79 0 
41 89 0 
ae 58 0 
47 78 0 
Avg 41 81 0 46 if 1:4352 46 259 1:4352 


* At time of bleeding. 


pantothenic acid in both rats and humans. 
Recently, Rubin and his co-workers(3,4) on 
the basis of urinary excretion studies have 
concluded that panthenol is more available 
to rats and humans than calcium pantothenate 
when fed at high dosage levels. On the other 
hand at the lowest level tested, the availability 
of the two substances was found to be essen- 
tially the same. 

Since in the course of our studies on the 
relationship of nutrition to immune response, 
we have occasionally noted that the process of 
antibody synthesis is a more sensitive criterion 
of dietary adequacy than that of growth or 
symptomology(5), it seemed of interest to 
determine whether panthenol is as effective 
as calcium pantothenate in preventing the 
observed suppression of circulating antibodies 
in pantothenic acid-deficient rats(6,7). 

Experimental. Thirty-six male weanling 
albino rats were distributed into 3 groups as 


3. Rubin, S. H., Cooperman, J. M., Moore, M. E., 
and Scheiner, J., J. Nutrition, 1948, v35, 499. 

4. Rubin, S. H., Drekter, M. E., and Pankopf, R., 
Ibid., 1950, v40, 265. 

5. Ludovici, P. P., and Axelrod, A. E., in press. 

6. Axelrod, A. E., Carter, B. B.. McCoy, R. H., 
and Geisinger, R., Proc. Soc. Exp. Bror. anp MeEp., 
1947, v66, 137. 
_ 7. Ludovici, P. P., Axelrod, A. E., and Carter, B. 
B., Ibid., 1949, v72, 81. 


indicated in Table 1. Except for the omission 
of sulfasuxidine, the basal diet was identical 
with that employed in the preceding paper(5) 
for the production of a pteroylglutamic acid 
deficiency. All animals received a daily 
vitamin pill supplying the following vitamins: 
thiamine, 40 y; riboflavin, 60 y; pyridoxine, 
50 y; niacin, 100 y; biotin, 1 y; and pteroyl- 
glutamic acid, 1 y. The pantothenic acid- 
deficient rats received no further vitamin 
supplement while the pantothenic acid and 
panthenol controls received a daily intraperi- 
toneal injection of 100 y of calcium panto- 
thenate and a molar equivalent dosage of 
panthenol (86 y), respectively. All animals 
were fed the basal diet ad libitum. Immuniza- 
tion was instituted during the Sth week of 
the experiment. The antigen, immunization 
procedure, and the determination of serum 
antibody \titers were identical with those de- 
scribed in the preceding paper(5). 


Results. The data obtained are presented 
in Table I where it may be seen that panthenol 
was equally as effective as pantothenic acid in 
promoting both normal growth and attainment 
of a high serum antibody concentration. These 
results are in accord with previous studies by 
other workers(1,2,4) demonstrating the quan- 
titative conversion of panthenol into panto- 
thenic acid by the rat. 
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Summary. 1. Panthenol was found to be 
equally as effective as pantothenic acid in pro- 
moting antibody synthesis in pantothenic acid- 
deficient rats. 


# 


Post-TONSILLECTOMY BULBAR POLIOMYELITIS 


We are indebted to Dr. E. L. Sevringhaus of Hoff- 
mann-La Roche, for the generous supply of pan- 
thenol. 
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Experimental Production of Post-Tonsillectomy Bulbar Poliomyelitis.* 
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Poliomyelitis occurring within 30 days after 
tonsillectomy is predominantly bulbar(1). 
When compared with the incidence of the 
bulbar form in patients who have not had the 
operation within the same period of time, the 
difference is greater than can be explained on 
the basis of pure chance and indicates a causal 
relationship between operation and bulbar 
localization. This is particularly true of chil- 
dren, as shown by the two examples from the 
literature given in Tiable I. 

In human bulbar poliomyelitis, including 
the post-tonsillectomy cases, the muscles of 
deglutition and phonation, supplied by the 
X cranial nerve and the nucleus ambiguus, are 
practically always involved, the facial muscles 
(N.VII) in about half, and those supplied 
by the V and XII nerves in lesser numbers(4). 
The nuclei of supply in all these are in the 
pons or medulla. Post-tonsillectomy bulbar 
poliomyelitis occurs almost exclusively dur- 
ing epidemics of the disease, and the onset 
of symptoms according to Aycock’s(1) com- 
pilation nearly always occurs 6-24 days after 
operation, with the peak at 14-16 days. These 
figures agree closely with the incubation period 
of poliomyelitis in general, suggesting that 
virus may be introduced at the time of opera- 
tion. Only rare cases have been reported in 
which the onset was less than 4 days after 


* Aided by a grant from the National Founda- 
tion for Infantile Paralysis. 

1. Aycock, W. L., Medicine, 1942, v21, 65. 

2. Cunning, D. S., Laryngoscope, 1949, v59, 441. 

3. Anderson, G. W., Anderson, G., Skaar, A. E., 
and Sandler, F., Ann. Otol. Rhinol. and Laryngol., 
1950, v59, 602. 

4. Baker, A. B., Am. J. Med., 1949, v6, 614. 


and other forms. 


TABLE I. Bulbar Poliomyelitis in Poliomyelitis 


Cases With and Without Recent Tonsillectomy. 


Poliomyelitis 
Bul- Other % 
bar forms bulbar Ps 


‘A.(2) 0-10 years 
Tonsillectomy 24 12): 66:7 


No tonsillectomy 771 6063 116.) <= 001 
B.(3) 3-7 years 

Tonsillectomy 12 4. 75 

No tonsillectomy 96 395 bore 


<.001 


* From chi square of differences between bulbar 
In both series P indicates that 
probability of differences occurring by chance are — 
less than 1 in 1000. | 


operation. Previous attempts(5-7) to re- 
produce experimentally the sequence of bul- 
bar paralysis after tonsillectomy have nearly | 
always failed, paralysis when produced usually | 
having been spinal in type. In most of these ' 
studies, notably that of von Magnus and | 
Melnick(7) exposure of the throat to the 
virus has been made after rather than before | 
operation. Unpublished observations in our 
laboratory have shown that in order con-. 
sistently to produce infection in divided nerve > 
it is necessary to apply virus to the central 
cut end before it is sealed off by blood. 


In the present study we have explored two 
hypotheses: (1) that virus already in the. 
pharynx is directly introduced into the peri-_ 
tonsillar musculature, which is unavoidably | 
traumatized during the human operation, and | 


5. Sabin, A. B. J. Am. Med. Assn., 1938, vill 
605. 

6. Toomey, J. A., and Krill, C. E., Ohio Med. iq 
1942, v38, 653. 

7. von Magnus, H., and Melnick, J. L., Am. ye | 


Hyg., 1948, v48, 113. 
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TABLE II. Oropharyngeal Swabbing of Virus With and Without Tonsillectomy, Compared 
With Tonsillectomy After Intrathalamic Inoculation Without Swabbing. 


Oropharyngeal swabbing Intrathalamic inoculation 
Tonsillectomy No tonsillectomy and tonsillectomy 
Series 1 Controls Series 2 
Animals exposed fk 7 6 
Poliomyelitis uu 5 6 
Onset (days) 7-10 8-10 Diz) 
Bulbar paralysis 7 1 St 
Spinal paralysis 3 4} 5 
Cervical 3 4 5 
Thoracic 0 29 5 
Lumbar 0 3 5 
*5 days after inoculation, 2 days after tonsillectomy, eas 


+1 animal found dead, not included in list of paralyses, had typical lesions. 
$1 animal, not included here, had typical lesions. 


§ Not specifically noted. 


hence into its supplying nerves; (2) that local- 
ized traumatic stresses to these muscles tend 
to localize paralysis in them presumably by 
making their supplying nerve centers in the 
medulla more vulnerable to the effects of polio- 
myelitic infection already present in the cen- 
tral nervous system. 

In the test experiments, the tonsils were 
removed by enucleation with curved scissors; 
in Series 1, immediately after the application 
of virus to the pharynx; in Series 2, 3 days 
after inoculation of virus into the thalamus 
(no pharyngeal application of virus). In the 
control series, virus was gently swabbed on 
the surfaces of the mouth and pharynx but no 
tonsillectomy was performed. In all experi- 
ments a 17% suspension of the Wis ’45 strain 
(Brunnhilde type) of poliomyelitis virus, 
PD;o 4.9, was used. All monkeys were 
“cynomolgus (M. irus), previously prepared by 
division of the olfactory tracts to preclude 
entry of infection through the olfactory nerves. 
The results are shown in Table II. 


It will be noted that in both series, bulbar 
poliomyelitis resulted, with the differences that 
in Series 1, the incubation period was 7-10 
days after operation while in Series 2, the 
incubation period was 5 days after intra- 
thalamic inoculation? and 2 days (or slightly 
less) after tonsillectomy; and that in Series 


tIn 75 cynomolgus monkeys, used in other 
Studies, the average incubation period after intra- 
thalamic inoculation of Wis ’45 virus was 8.7 days; 
primary bulbar and bulbospinal paralyses occurred 
in 17.3%, and primary spinal paralyses in 82.7%. 


1 paralysis was limited to the bulbar and (in 
3 animals) the cervical innervations while in 
Series 2, the entire cord, in addition to the 
bulbar centers, was paralytically involved. 

The results with pretonsillectomy exposure 
of the pharynx to virus (Series 1) appear to 
correspond, in terms of incubation period 
and of distribution of paralysis, to the ma- 
jority of human post-tonsillectomy cases(1) 
better than those of Series 2, in which tonsil- 
lectomy was performed after infection had 
become established in the CNS. The rapidity 
with which paralysis followed tonsillectomy 
in the latter, as well as its relative extent and 
severity, strongly suggests that the physical 
stress of the operation itself greatly enhances 
the speed, severity and, to some extent, the 
localization of the infectious process. A com- 
parable human situation may be envisioned 
in those rare cases where bulbar or bulbo- 
spinal paralyses begin three days or less after 
tonsillectomy. 

As regards the commoner type of human 
post-tonsillectomy poliomyelitis with its 
longer incubation period and paralyses pri- 
marily bulbar or bulbocervical, it is con- 
ceivable that the situation may be compar- 
able with our experimental Series 1 in that 
the virus is being excreted on the pharyngeal 
surfaces but has not yet attacked the CNS. 
In other experiments(8) we have shown this 
excretory phenomenon to occur while infec- 
tion is limited to certain peripheral ganglia, 


8. Faber, H. K., Silverberg, R. J., Luz, L. A., and 
Dong, L., J. Exp. Med., 1950, v92, 571. 
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such as the gasserian and nodose. Assuming 
the same condition to hold in man during the 
early, presymptomatic period or in cases that 
might end without symptoms in the absence 
of operation, an opportunity would be open 
for direct introduction of virus into the peri- 
tonsillar tissues before the CNS is infected. 

This possibility suggested a supplementary 
study of the preventive effects of local anti- 
sepsis in the throat. Six-cynomolgus monkeys 
were subjected to the same procedure as in 
Series 1, excepting that 2% tincture of iodine 
was applied to the throat one-half minute 
after swabbing with virus and one minute 
before tonsillectomy. All these animals re- 
mained well. 

Further exploration of this procedure is re- 
quired before its meaning and implications 
can be properly evaluated. Although such 
pre-operative antisepsis appears to be harm- 
less, no assurance of its preventive value 
against poliomyelitis in human beings can be 
offered. 


Summary and conclusions. 1. Application 


CorTISONE EFFECT ON HISTAMINE VASOCONSTRICTION 


of poliomyelitis virus to the pharynx of cyno- 
molgus monkeys, followed by enucleation of 
the tonsils was regularly followed after 7-10 
days by primary bulbar paralysis, accom- 
panied less often by high spinal paralysis. 
This effect was probably due to introduction 
of virus into the innervations of the peri- 
tonsillar tissues, notably muscle. 2. Intra- 


thalamic inoculation of virus followed 3 days | i 


later by tonsillectomy was regularly followed 
within 2 more days by bulbospinal paralysis 
in which all levels of the cord were involved. 
This effect probably indicates that trauma 
increases the vulnerability of nerve cells to in- 
fection already present in the central nervous 
system. 3. After oropharyngeal swabbing 
with virus and no tonsillectomy, spinal paraly- 
sis usually resulted, with bulbar manifesta- 
tions in only one instance. 4. With pharyn- 
geal application of virus followed by 2% 
tincture of iodine and then by tonsillectomy, 
all 6 animals remained well. 


Received June 12, 1951. P.S.E.B.M., 1951, v77. 


In vitro Action of Cortisone on Vasoconstriction Due to Histamine.* (18839) 


Durwoop J. SmirH. (Introduced by William S; McCann.) 


"rom Department of Medicine, University of Rochester School of Medicine and Dentistry and the 
Clinics of Strong Memorial and Rochester Municipal Hospitals, Rochester, N. Y. 


Two questions prompted the present study. 
Does cortisone alter the response of isolated 
smooth muscle to histamine? If it does, what 
mechanism is involved? The experimental 
evidence suggesting the participation of the 
hormones of the adrenal cortex in the metab- 
olism of histamine has recently been reviewed 
by Rose(1) and need be mentioned only 
briefly. Adrenalectomized animals have been 
found to have a markedly diminished resist- 
ance to histamine; an increased tissue content 
of the compound as well as a diminished ca- 
pacity of the tissues im vivo(2) and in uwitro 


* These studies were aided by research grants from 
the Masonic Foundation for Medical Research and 
Human Welfare and the Hochstetter Fund. 

1. Rose, B., An. Rev. Med., 1951, v2, 155. 


(3,4) to destroy or inactivate histamine. 
While these changes are partially reversible 
by DOCA, adrenal cortical extract (which 
contains cortisone as well as many other com- 
pounds) will restore the metabolism of his- 
tamine by the adrenalectomized animal to an 
essentially normal state(1). 

Experimental procedure. An angioplethys- 
mokymographic technic(5,6) was used to 


2. Rose, B., Am. J. Physiol., 1939, v127, 780. 

3. Rose, B., Thesis, McGill Univ., Montreal, Cana- 
da, 1939. 

4. Karady, S., Rose, B., Browne, J. S. L., Am. J. 
Physiol., 1940, v130, 539. 

5. Smith, D. J., Proc. Soc. Exp. Brot. anp MEp., 
1950, v73, 449. x 

6. Smith, D. J., Syverton, J. T., Coxe, J. W., Cir- 
culation, In press. 
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FIG. 1. Exp. #1241. Swine carotid artery. Vaso- 
constriction to 50 + test doses of acetylcholine. 
(Control reaction, ; Physostigmine 1:1,000,- 
000, -———). Note prolongation of ‘‘curve of re- 
covery’’ following inactivation of cholinesterase. 


30 40 


assess the modifying action of cortisone on 
the vasoconstriction of isolated surviving 
blood vessels caused by histamine. In this 
procedure an artery is mounted in a simple 
plethysmograph and perfused with Tyrode’s 
solution for several hours. A continuous rec- 
ord is made of the changes of volume of the 
vessel during perfusion. ‘The arteries were 
stimulated to constrict by injecting test doses 
(usually 50 y) of histamine or acetylcholine 
into the perfusate in such a manner that the 
stimulating drug flowed through the artery in 
12-15 seconds(7). Hence the constriction of 
the vessel and its recovery occurred in the 
absence of any detectable portion of the stim- 
ulus in the perfusate. The modifying action 
of cortisonet and control substances was de- 


termined by adding these compounds to the 


* 


perfusates in the stated concentrations. The 
cortisone (free alcohol) was first dissolved in 
propylene glycol in a concentration of 2 mg 
per ml. Propylene glycol alone did not modify 
the reactivity of the arteries in the concentra- 
tions used. 


7. Emmel, V., Smith, D. J., To be published. 
+ Cortisone (free alcohol) was kindly supplied by 
Augustus Gibson, of Merck and Co., Rahway, N. J. 
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Results. The angioplethysmokymographic 
technic produces time-volume curves (Fig. 1) 
indicating arterial vasoconstriction to specific 
stimuli. The “curve of constriction” (de- 
crease in volume when the vessel constricts) 
is a function of the amount of vascular smooth 
muscle which is stimulated to contract. Pre- 
vious studies have shown that this can be 
eliminated or reduced significantly by typical 
blocking agents(6). The “curve of recovery” 
(the increase in volume of the vessel as it 
dilates back to its original baseline) is pri- 
marily a function of the enzyme systems 
which destroy or inactivate the stimulating 
agent. The influence of cholinesterase on 
vasoconstriction due to acetylcholine is dem- 
onstrated in Fig. 1. 

Preliminary observations of the action of 
cortisone indicated that it did not act as a 
physiological antagonist of histamine and fur- 
thermore, that it had little or no blocking 
action, there being no significant change in the 
“curve of constriction.”’ The swine carotid 
artery responds to repeated test doses of his- 
tamine (50 y) with reactions which have a 
similar ‘“‘curve of constriction,” but in which 
the “curve of recovery” becomes increasingly 
prolonged, although the response to similar 
multiple test doses of acetylcholine over the 
same time period are unchanged. This rather 
specific prolongation of the recovery from 
vasoconstriction due to histamine provided 
the test object necessary for this study. The 
arteries were perfused for 2-4 hours and sub- 
jected to repeated test doses of histamine. 
When the recovery phase became significantly 
prolonged, cortisone (1:2,000,000 to 2:1,000,- 
000 of the free alcohol) was added to the per- 
fusate and the response to histamine was again 
recorded. A final control period using corti- 


{During the winter months, prolongation of 
vasoconstriction due to histamine becomes evident 
after 3 test doses and marked in the fifth reaction 
(average of 61 arteries) while during summer 
months, prolongation of reaction does not become 
evident until after 9 test doses (average of 34 arter- 
jes) and rarely becomes as marked as in winter 
killed animals. These observations on the seasonal 
variation in this reaction extend from April 1949 
to May 1951 and are being continued(8). 

8. Smith, D. J., To be published. 
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FIG, 2. Exp. #1324. Swine carotid artery. Vaso- 


constriction to 50 y test doses of histamine, (Con- 

trol reaction, — ; cortisone 2:1,000,000, ---—). 

Note marked acceleration of recovery of vessel in 
presence of cortigone. 


sone-free perfusate was usually run. 

Thirty-one experiments of this type using 
cortisone have been accomplished. In each 
instance at concentrations of 1 or 2 parts of 
cortisone per million, the recovery of the ves- 
sel from vasoconstriction due to histamine was 
accelerated (Fig. 2). In a concentration of 
1 part of cortisone per 2 million, negligible 
effect was observed. Control observations 
using cholesterol in propylene glycol and pro- 
pylene glycol alone were without effect on the 
histamine response. Three segments of a 
single artery were frequently examined si- 
multaneously, each being injected at the same 
time. One vessel would be retained as a con- 
trol while the. other two were perfused with 
cortisone. These control vessels in no case 
showed the accelerated recovery from hista- 
mine shown by those vessels exposed to cor- 
tisone. 

One further observation is of interest. The 
swine carotid artery constricts when the tem- 
perature is raised to 42°C. Cortisone causes 
the vessel to dilate when it is constricted by 


_ 
9 
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temperature. 

Discussion. Our results indicate that corti- 
sone (in concentrations of 1 part per million 
or greater) accelerates the recovery of the 
vascular smooth muscle from vasoconstriction 
due to histamine. The mechanism of this ac- 
celerated recovery is not completely defined 
by these studies. In our experience the en- 
zyme systems~—inactivating the stimulating 
agent are a major factor in determining the 
form of the recovery curve. Hence it seems 
probable that cortisone may modify the hista- 
mine inactivating enzyme systems of smooth 
muscle to produce the accelerated recovery of 
the tissue observed in this study. This is in 
agreement with the results of Rose(3) and 
Karady, Rose and Browne(4), who demon- 
strated that the decreased histaminase content 
of the lung of the adrenalectomized rat could 
be restored to normal by adequate amounts of 
adrenal cortical extract. The question may be 
raised, Is this prolongation of the histamine 
reaction (which is reversed by cortisone) a 
specific change in the histamine inactivating 
enzymes or is this a nonspecific deterioration 
of the tissue in vitro? Two facts suggest the 
latter is not the case. The response to multi- 
ple doses of acetylcholine remains constant 
while concomitant doses of histamine produce 
gradually lengthening reactions. Secondly, 
the marked and consistent seasonal variation 
in the deterioration of the histamine response 
cannot be explained on the basis of tissue 
damage caused by the experimental procedure. 


Summary. 1. ‘Cortisone accelerates the re- — 
covery of vascular smooth muscle from vaso- | 
constriction due to histamine. 2. This prob- 
ably represents an action of cortisone on the 
histamine inactivating enzyme systems. 


The valued technical assistance of Mr. Clarence 
P. Bray is hereby gratefully acknowledged. 
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Measurement of Erythroid Mitotic Activity in Bone Marrow by Use of 


Colchicine.* 


WILsoNn C. GRANT. 


(18840) 


(Introduced by Walter S. Root.) 


From the Department of Physiology, College of Physicians and Surgeons, Columbia University. 


In order ‘to establish the effectiveness of an 
erythropoietic stimulus, one conventionally 
measures the concentration or total volume 


_of erythrocytes, the percentage of reticulo- 


cytes, or degree of bone marrow hyperplasia. 
The values obtained indicate the end products 


_ of erythropoietic stimulation but do not yield 


more than inferential information concerning 
the dynamic erythropoietic process. Since it 
is generally agreed that new red blood cells 
arise ultimately from mitotic division of the 
erythroid elements of the marrow, it is prob- 
able that early evidence of erythropoietic 
stimulation would be found in marrow mitotic 
activity. Unfortunately, very few mitotic 
figures are found even in stimulated bone 
marrow because of their transient nature. 
The mitotic arresting property of colchicine 
has been well known since 1934(1). The 
arrest of marrow cells, in addition to other 
active cells, has been described(2-5). In an 
attempt to measure empirically the functional 
(mitotic) state of erythroid cells, the marrow 
of normal and erythropoietically stimulated 
rats after treatment with colchicine was ex- 
amined. 

Methods. Adult, albino rats of both sexes 
weighing from 135 to 220 g were used in this 
study. Colchicine (S. B. Penick and Co.) 
in aqueous solution was injected subcutaneous- 
ly in doses from 0.01 to 0.20 mg per 100 g 
of body weight. Injections were made be- 


* Part of this work appeared in Fed. Proc., 1951, 
v10, 54. 

1. Dustin, A. P., Bull. Acad. Roy. Med. Belg., 
1934, Series 5, v14, 487. 
_ 2. Dixon, W. E., and Malden, W., J. Physiol., 1908, 
v37, 50. 

3. Balduini, M. and Bertolotti, G., Haematologica, 
1948, v31, 65. 

4. Dustin, P., Jr., Le Sang, 1950, v21, 297. 

5. Astaldi, G.-and Mauri, C., Acta Haematologica, 
1950, v3, 122. 

6. Jones, R. McL., in McClung’s Handbook of 
Microscopial Technic, New York, 1950, 236. 


tween 9:00 and 11:00 a.m. to avoid any ir- 
regularities produced by the often suggested 
diurnal variations in mitotic activity. From 
1 to 8 hours after the injections, animals were 
sacrificed with chloroform, partially exsan- 
guinated and the femurs removed. Marrow 
from the proximal end of the femur was sus- 
pended in homologous serum, smeared on 
slides, fixed in Helley’s Fluid and stained with 
Hemotoxylin-Eosin-Azur II(6). 

Results. Many easily recognized mitotic 
figures were evident in the cells of both 
erythroid and granulocyte series of marrow 
treated at dosage levels greater than 0.01 mg 
per 100 g body weight and duration greater 
than 1 hour. Although ample evidence was 
available of intense mitotic activity in all 
members of the granulocyte series, only the 
erythroid cells were considered in this study. 
To quantitate the evidence of mitotic division, 
1000 or more nucleated marrow cells of all 
types were counted and the number of ery- 
throid cells in mitosis was expressed in terms 
of percentage. The great bulk of dividing 
erythroid cells were early normoblasts and late 
erythroblasts and were found in prophase. 
The basophilic or early erythroblasts blocked 
in metaphase represented a relatively small 
number. 

Concentration and duration. To measure 
the influence of dosage level, a total of 32 rats 
were given from 0.01 to 0.20 mg per 100 g 
of body weight. Five hours elapsed in this 
group between the time of injection and sacri- 
fice. It will be noted in Fig. 1 that 0.01 mg 
produced no change in the mitotic percentage 
from that of the water injected control. The 
maximal response was obtained with 0.10 and 
0.15 mg and a decrease became apparent at 
0.20 mg. The influence of the time between 
injection and sacrifice was examined and the 
results are presented in Fig. 2. A total of 55 
rats were given 0.01, 0.05 and 0.10 mg per 


7. Brues, A. M., J. Physiol., 1936, v86, 63P. 
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jection of colchicine and marrow sampling on 
erythroid mitotic percentage dosage levels ex- 
pressed in mg per 100 g body wt. 


100 g and allowed 1, 3, 5 and 8 hours duration. 
At the lowest dose, no elevation of the mitotic 
percentage occurred above that of the water 
injected control regardless of duration. At 
both 0.05 and 0.10 mg levels an increase in 
mitotic percentage occurred with duration to 
8 hours. In a few additional measurements 
made at the 0.10 mg dosage level after 24 
hours duration, the mitotic percentage was 
reduced to that of the water injected control. 
It may be argued that these changes in mitotic 
percentage of erythroid cells are a result of 
either an absolute or relative increase in total 
erythroid elements. To this end, the percent- 
age of total nucleated marrow cells which were 
erythroid was determined in doses of 0 to 0.20 
mg with 5 hours duration. No appreciable 
change in the erythroid percentage representa- 
tion was evident in any instance. 
Erythropoietic stimuli. If the arrest of 
erythroid mitoses as demonstrated, measures 
empirically physiological activity and not 
merely a pharmacological artifact, the applica- 


MEASUREMENT ErytTHROID Mitotic Activity By COLCHICINE 


tion of a proven erythropoietic stimulus should 


provoke an increase in the mitotic percentage 
of marrow above that of ‘the unstimulated rat. 
All animals were given the standard dose of 
0.05 mg colchicine per 100 g body weight and 
5 hours elapsed between injection and sacri- 
fice. The erythroid mitotic percentage of 14 
normal rats given the standard dose was 2.5 
to 4.8%, averaging 3.6%. Fifteen rats were 
bled by cardiac puncture 2 cc/100 g body 
weight. One to 3 days after the hemorrhage, 
the standard dose of colchicine was adminis- 
tered and the mitotic percentage after 5 hours 
was found to range from 3.8 to 12.0% with an 
average of 6.9%. These rats had lowered 
hematocrit values as a result of the bleeding 
but had not at that time shown a marked 
reticulocyte response. Six rats were placed for 
6 hours per day for 2 to 3 days (12 to 18 
hours) in a low pressure chamber in which the 
pressure was maintained at 300 mm Hg (23,- 
500 feet). On the day following the last 
chamber exposure, colchicine was adminis- 
tered. The mitotic percentage ranged from 
5.6 to 8.5% with an average of 7.0%. The 
mitotic percentage values of the bled rats and 
of those subjected to low barometric pressure 
were significantly different from those of 
normal rats as determined by Fisher’s “t” 
test. These results are presented in Fig. 3) 


Discussion. The increased erythroid mitotic 
percentages found in the marrows of rats after 
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FIG. 3. Comparison of erythroid mitotic percen- 

tages of normal rats, rats 1 to 3 days after hem- 

orrhage (HEM.) and those subjected to 300 mm 

Hg barometric pressure (LPC) intermittently 2 to 
3 days (12 to 18 hr). 
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anoxic anoxia or hemorrhage indicate that 
physiological activity is being measured by 
the use of colchicine blockade. Increased 
numbers of mitoses were evident before a real 
increase in either the hematocrit or reticulo- 
cyte percentage was detected in the circulating 


~ blood. 


The ability of the bone marrow to produce 
erythrocytes depends on the size and activity 
of the functional marrow volume. The total 
volume of erythroid marrow cells may be 
estimated by histological examination. De- 
termination of the rate of mitotic division by 
the colchicine technic provides an empirical 
measure of the functional activity of the 
marrow. 

The mechanism by which colchicine arrests 
mitotic division is unknown. It is not be- 
lieved that the number of mitotic figures is 
increased by the alkaloid. Brues(7) found no 
evidence of stimulation of mitosis by colchi- 
cine in regenerating rat liver nor did Mellgren 
(8) in the developing adrenal gland. 

The work reported involved the sacrifice 
of the rat in order to obtain adequate marrow 
samples. Preliminary observations indicate 


8. Mellgren, J., discussion at end of Tier, H., 
Acta Path. Micro. Scand., 1948, v25, 45. 


that in animals ias large as the rabbit, marrow 
samples obtained by the needle puncture fol- 
lowing colchicine administration give essen- 
tially the same results as those observed in 
the rat. Such a modification provides a tech- 
nic capable of wider application. 


Summary. 1. The influence of colchicine on 
arrest of erythroid mitoses of intact rat mar- 
row was measured quantitatively. 2. A com- 
parison was made after colchicine injection of 
the erythroid mitotic percentage of normal 
rats and of those of erythropoietically stimu- 
lated animals. Fourteen normal rats showed a 
range of 2.5 to 4.8%, average 3.6%. Fifteen 
rats, 1 to 3 days after moderate hemorrhage, 
gave 3.8 to 12.0%, average 6.9%. Six rats 
exposed for 6 hours per day for 2 to 3 days (12 
to 18 hours) to a barometric pressure of 300 
mm Hg yielded 5.6 to 8.5%, average 7.0%. 
Mitotic percentage increase above normal was 
evident in the stimulated animals before an 
established reticulocyte response was observed. 


The author wishes to thank Professor Wilfred M. 
Copenhaver of the Department of Anatomy for his 
guidance in the identification of mitotic cell types 
and Mr. John Hegmann for his technical assistance. 
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Effect of Therapeutic Doses of Ephedrine on Renal Clearances in 


Normal Man.* 


(18841) 


Morton H. MAxwetz,t Pasto Morates,! anp CHartes H. Crowper; Jr.$ 
(Introduced by H. W. Smith.) 


From the Department of Physiology, New York University College of Medicine, New York. 


On the basis of unpublished observations of 
Chasis, Goldring, and Smith(1), Smith states 
that ephedrine has no or a negligible effect 


* This work was aided by a grant from The 
Commonwealth Fund. 

+ Present address, Department of Medicine, New 
York Hospital, Cornell University Medical School, 
New York. 

¢ Fulbright Fellow from the Philippines. 

§ Life Insurance Medical Research Fund Student 
Fellow. 


on the renal circulation; he reproduces only 
one experiment in which 35 mg of ephedrine 
injected intravenously caused a small and 
probably insignificant decrease in renal 
plasma flow (diodrast clearance) and filtra- 
tion rate (inulin clearance), and concludes 
that the mode of action of adrenaline and 


1, Smith, H. W., Lectures on the Kidney, University 
Extension Division, University of Kansas, Lawrence, 
Kansas, 1943. 


540 EPHEDRINE AND RENAL CLEARANCES 
TABLE I. Effects of Therapeutic Doses of Ephedrine on Renal Hemodynamics in Man. 

7——Control values*——_, -—After ephedrinet——\ -——Change——, 
a 2 A he eo s 5 as 
to) og o moon S FI o es a) FI 2 re 
3 F ea aaa Be ae Sistah ae Ee A Been gE as ne 
A 80 Eg a: ee oO Bes ees Bias Bs a= 

2 2 Gi ry Se et ies a © Se Brahe) cage ie ai 8 
a A ad Bees OT eS Pe eS, Rae oP ee BS ae 
Mce.t 50 138 110 530 21 5 FLO 498 22 0 —6 
Vv. 35 110 65 383 re 70 399 17 + 7 + 4 
jets 50 119 149 580 26 143 653 22, — 4 +12 
Py 75 110 148 797 19 146 833— 18 —1 + 4 
K. 50 180 111 695 16 104 618 ng — 6 —ll1 
Ss. 50 139 85 542 16 81 513 16 —4 —s5 
W.S 75 205 140 580 .24 161 651 25 +15 +12 
K.|| 50 168 84 435 19 81 415 20 — 4 —4 


* Avg of 3 control periods. 
+t Avg of 4 to 8 periods. 


+ A brief period of syncope with hypotension accompanied by reduction in clearances occurred im- 
mediately after injection of ephedrine. This period was excluded. 

§ EPAH — 94%. Renal A-V oxygen difference — 1.2 ec/100 ce. Both values remained constant. 

|| Bphedrine administered intramusc. except for K., in whom it was administered intravenously. 


ephedrine is quite different.1 Subsequently, 
Ranges and Bradley(2), in a hemodynamic 
study, reported that 50 to 75 mg of ephedrine 
administered intramuscularly caused a signifi- 
cant decrease in renal plasma flow (diodrast 
clearance) with no change in filtration rate 
(mannitol clearance). They drew their con- 
clusions from observations on 6 subjects but 
present no data. They postulate that ad- 
renaline and ephedrine act in a similar man: 
ner. The earlier report of Smith, with its 
contradictory results, is not mentioned. 

In view of the confusion on this matter, 
and because the importance of ephedrine as 
an agent for sustaining blood pressure in 
spinal anesthesia, etc., we have reinvestigated 
the renal response in normal subjects to thera- 
peutic doses of this drug. 

Methods. The subjects were 8 male con- 
valescent patients from the wards of the Third 
Medical (New York University) Division of 
Bellevue Hospital without known cardiovas- 
cular or renal disease. The renal plasma flow 
was determined by the p-aminohippuric acid 
clearance (Cpa) and the filtration rate by 


‘§ The records of this laboratory for 1938 show 7 
experiments, 2 of which were complicated by pyrex- 
ial hyperemia. In the other 5, ephedrine was ad- 
ministered intrav. or intramusc. in doses of 30 and 
45 mg, respectively. The diodrast and inulin clear- 
ances were unaffected in all. 

2. Ranges, H. A., and Bradley, S. E., J. Clin. Invest., 
1943, v22, 687. 


the inulin clearance (Cyy). Inulin was de- 
termined by Harrison’s diphenylamine method 
as described by Goldring and Chasis(3), and 
PAH by the method of Smith, Finkelstein, 
Aliminosa, Crawford, and Graber(4). Pulse 
rate and blood pressure were measured every 
10 minutes or oftener and the mean blood 
pressure calculated as one-third of the pulse 
pressure plus the auscultatory diastolic pres- 
sure, or measured directly by means of a cali- 
brated mercury manometer connected to the 
brachial artery. After 3 control periods of 12 
to 30 minutes each, 35 to 75 mg of ephedrine 
were injected intramuscularly and the overly- 
ing muscle massaged for 2 minutes; 35 mg 
were given intravenously to one subject. 
Clearance studies were continued for varying 
periods of time. The extraction ratio of PAH 
(Epa) and renal arterial-venous oxygen dif- 
ference were measured in one subject at the 
mid-point of each clearance period by cathe- 
terization of the renal vein. Oxygen content 
was determined in duplicate by the method of 
Van Slyke and Neill(5). 


3. Goldring, W., and Chasis, H., Hypertension and 
Hypertensive Disease, New York, The Common- 
wealth Fund, 1944. 

4. Smith, H. W., Finklestein, N., Aliminosa, L., 
Crawford, B., and Graber, M., J. Clin. Invest., 1945, 
v24, 388. 

5. Peters, J. D:, and Van Slyke, D. D., Quantita- 
tive Clinical Chemistry, II, Methods, Baltimore, 
Williams and Wilkins, 2nd Edition, 1946. 
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FIG. 1. Action of ephedrine on renal plasma flow (PAH or p-aminohippurate clearance in 

ec/min), filtration rate (IN or inulin clearance in ec/min), filtration fraction (FF or inulin/ 

PAH elearance ratio), mean blood pressure (P,, in mm Hg), pulse rate (PR in beats/min) 
and urine flow (V in c¢/min) in a normal subject. 


Results. The results are tabulated in Table 


I, with a typical experiment shown in Fig. 1. 


In one instance we observed an 11% reduction 
in renal plasma flow and a 6% reduction in 
filtration rate, but clearance changes were 
negligible in the other 7 subjects. 

It is generally agreed that in respect to 
cardiodynamic effects, ephedrine resembles 
adrenaline(2) although its action is more ir- 
regular(6). In these experiments, ephedrine 
regularly caused a small increase in systolic 
and diastolic blood pressure. The blood pres- 
sure generally began to increase within a few 
minutes after the administration of the drug, 


6, Starr, I., Gamble, C. J., Margolies, A., Donal, 
J. S., Jr., Joseph, N., and Eagle, E.; J. Clin. Invest., 
1937, v16, 799. 


reached its maximum value in about 15 min- 
utes (range 5 to 34 minutes), remained at 
this level for approximately 15 to 30 minutes 
and then slowly declined towards the control 
value. The increase in mean pressure on one 
occasion exceeded 40 mm Hg, and seemed un- 
related to the dose of ephedrine (Table II). 
The pulse rate also increased slightly, usually 
by less than 10 beats per minute, and often 
remained elevated for the duration of the ex- 
periment. 


Because the average values of several 
clearance periods, as shown in Table I, could 
mask transitory changes in renal hemodynam- 
ics, the clearances obtained during the period 
of maximal ephedrine effect, as judged by 
blood pressure and pulse rate, are shown in 
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TABLE Il. Renal Clearances During Maximal Ephedrine Effect. 


Control values*—, —— 


Period of maximal ephedrine eff eet t————_, 


Filtra- Renal Filtra- Renal Change in 

tion plasma tion plasma mean blood Change in 
Sub- rate, flow, rate, flow, pressure, pulse rate 
ject ec/min ec¢/min ec/min ee/min mm Hg per min 
Me. 110 530 114 542 + 22 +12 
AS 65 383 65 390 +10 + 5 
H 149 580 144 620 =<8 + 4 
iP: 148 797 155 173, 4 +14 0 
E. 111 695 ite 580 eS As 0 
8. 85 542 93 539 “+16 +16 
W. 140 580 127 616 +43 + 9 
K 84 435 83 410 +21 + 2 


* Avg of 3 control periods. 


+ Value for single period of max ephedrine effect, as judged by increase in blood pressure 


and pulse rate. 


Table II. Even these maximal effects show no 
consistent increase or decrease in renal plasma 
flow or filtration rate. 

Epay and renal arterial-venous oxygen dif- 
ference, measured in one subject (W.I.), re- 
mained constant at normal values of 94% 
and 1.2 cc/100 cc, respectively, throughout 
the course of the experiment, demonstrating 
that ephedrine does not inhibit tubular excre- 
tion of PAH or cause diversion of renal blood 
through arterial-venous channels. 

Summary. Ephedrine in therapeutic doses 
(35 to 75 mg) administered intramuscularly 


to 7 subjects and intravenously to one failed 
to cause any consistent or significant change 
in renal plasma flow, filtration rate, PAH 
extraction ratio, or renal arterial-venous oxy- 
gen difference, despite an increase in mean 
blood pressure and pulse rate. These results 
are in agreement with the conclusion of 
Chasis, Goldring, and Smith(1) that, in 
marked contrast to adrenaline, ephedrine in 
therapeutic doses has no or a negligible effect 
on the renal circulation. 
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Potentiating Effect of Tetraethylammonium on Pressor Response to 


Epinephrine and Nor-Epinephrine.* 


W. Roy St. CLarr AND ‘CLEMENT A. STONE. 


(18842) 


(Introduced by E. R. Loew.) 


From Department of Physiology, Boston University School of Medicine, Boston. 


The property of  tetraethylammonium 
(TEA) of potentiating the pressor response 
to epinephrine and other pressor agents has 
been attributed(1) to the elimination of 
homeostatic blood pressure reflexes by this 
ganglionic blocking agent. In this connection, 
it is important to discover whether or not 
TEA has any direct potentiating effect on the 
action of epinephrine and it was the purpose 


* This study was supported by a grant from Parke, 
Davis Co. 

1. Moe, G. K., Rennick, B. R., Capo, L. R., and 
Marshall, M. R., Am. J. Physiol., 1949, v157, 158 


of this investigation to attempt to shed some 
light on this aspect of the problem. 

Methods. Twelve cats, weighing 2.23-5.57 
kg, were anesthetized with ether after pre- 
medication with atropine sulphate 1.0 mg/kg. 
Both vagus nerves were divided and the spinal 
cord was then pithed in 10 animals after cer- 
vical laminectomy; in the remaining 2 ani- 
mals the probe was passed through the orbit. 
The preparation was then left for an hour, 
body temperature being maintained constant 
by means of a warming device. Carotid blood 
pressure was recorded on a kymograph by 
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TABLE I. Effect of Tetraethylammonium Chloride (TEAC) on the Hypertensive Response to 1-epine- 
phrine and 1-nor-epinephrine. Pressor responses in mm mercury; mean + 8S. D.* 


———Control group ~\ Test group————,_ Difference Significaneat 
1-epinephrine Beforesaline 59.2+ 3.9 Before TEAC 58.8 + 8.7 A eed 
After 2 ml 62.7 +131 <Afterdmg/ke 87.8 + 18.1 2d! Pri 
saline TEAC 
Difference 3.0 29 
Significancet 5 >P>.4t P-<<.04 
1-nor-epinephrine Before saline 56.9+ 10.8 Before TEAC 56.54 6.4 4 Ie 03) 
After 2 mil 62.9+10.8 After 5 mg/kg 73.2 +11.8 10.3 P10 
saline TEAC 
Difference 6 16.7 
Significancet .2>P>.1$ P< 0.1 


* Computed from 2-4 pressor responses in each of 6 cats. 
t ‘*P*’ caleulated by the ¢t test of unpaired variates(2). 
+ When calculated by the ¢ test of paired variates using the mean of 2 to 4 responses before and 


after saline, .5>P>.4. 


§ When calculated by the ¢ test of paired variates using the mean of 2 to 4 responses before and 


after saline, P >.01. 


means of a mercury manometer, and injections 
were made intravenously into the external 
jugular vein at 5-minute intervals. Epineph- 
rine and nor-epinephrine were administered 
alternately in approximately equipressor 
amounts to produce submaximal response. 
The doses required were, ]-epinephrine,t 0.5- 
4.0 y/kg; l-nor-epinephrine, 0.15-3.0 y/kg. 
These amounts were made up to a volume of 
approximately 0.25 ml and were washed in 
with 0.5 ml of 0.9% saline. The pressor re- 
sponses to the first 4 to 6 injections increased 
progressively in size and thereafter became 
more constant. Then in the test group of 6 
cats, 2 to 4 pressor responses to both epineph- 
rine and nor-epinephrine were elicited before, 
and again after, the administration of tetra- 
ethylammonium chloride in a dose of 5.0 
mg/kg. Since the responses tended to change 
with time, a parallel control series of 6 cats 
‘was run in exactly similar manner except in 
that 2.0 ml saline was given in lieu of TEA. 
Results. Blood pressure is expressed in 
terms of mm of mercury and responses as the 
‘mean and standard deviation of the absolute 
rise. After pithing, the baseline blood pres- 
‘sure remained remarkably constant in every 
cat though there was considerable variation 
between animals (32-86 mm of mercury). 


_ There was a tendency for the level to fall 


slightly, about 5.0 mm mercury, in some ex- 
periments after TEA. Since the potentiation 
of responses to epinephrine and nor-epineph- 
rine always was much greater than this slight 
fall of pressure, it indicated not only a greater 
absolute rise but also a higher peak blood 
pressure. 

Marked augmentation of the pressor re- 
sponse to epinephrine occurred after the ad- 
ministration of TEA (Table I). That this is 
not due to an increase in sensitivity of the 
preparation with the passage of time, is seen 
in the significantly greater response to epi- 
nephrine after TEA than after saline. That 
the test and control groups are comparable is 
seen in the fact that there was no significant 
difference between the responses before TEA 
and those before saline. 

Similarly the pressor effect of nor-epineph- 
rine was enhanced by the prior administration 
of TEA as is shown by a comparison of the 
responses following TEA with those following 
saline (Table I). 

TEA potentiated the pressor response to 
epinephrine to a greater extent than that to 
nor-epinephrine (Table II) for there was no 
difference between their responses before TEA 
whereas there was a statistically significant 
difference after TEA. 

The dose of TEA which was employed, 


t+ Pure 1-epinephrine supplied by Parke, Davis 
‘Co. Dosage of 1-epinephrine and 1-nor-epinephrine 
expressed as base. 


2. Snedecor, G. W., Statistical Methods Applied to 
Experiments in Agriculture and Biology, 4th edition. 
The Iowa State College Press, Ames, Iowa, 1946. 
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TABLE II. Comparison of Responses to Epinephrine and Nor-epinephrine. Pressor responses in 
mm mereury; mean + 8. D.* 


Epinephrine Nor-epinephrine Difference Significance t 
Before THAC 58.8 +. 8.7 56.54 6.4 2.3 4 > PS 
After 5 mg/kg TEAC 87.8 + 18.1 73.2 + 11.8 14.6 Pir Ou 


* Computed from 2-4 pressor responses in each of 6 cats. 
+ ‘*P’? ealeulated by the t test of unpaired variates(2). 


5.0 mg/kg, was apparently nearly optimal in 
producing potentiation since the further ad- 
ministration of 10.0 mg/kg did not result in 
any additional potentiation of pressor re- 
sponses in the test group when compared with 
the saline controls, 

Discussion. From the results of this inves- 
tigation one might conclude that TEA, in 
doses of 5.0 mg/kg intravenously in pithed 
cats, potentiated the pressor responses to both 
epinephrine and nor-epinephrine, there being 
a higher peak response in addition to a greater 
absolute rise of blood pressure. Since this 
was demonstrated in vagotomized animals 
with pithed spinal cords, such potentiation 
cannot have been due to the modification of 
cardiovascular reflexes. 

Page and Taylor(3) reported the potentia- 
tion of the pressor action of epinephrine by 
tetraethylammonium in intact, anesthetized 
dogs. The mechanism they postulated was 
either an explosive manifestation of the sen- 
sitization of denervation or the blocking of 
amine oxidases. Their findings were con- 
firmed subsequently in unanesthetized dogs 
(4) and by Moe(5). From simultaneous 
measurements of blood pressure and femoral 
arterial flow he concluded that the augmenta- 
tion of pressor responses was due to the elim- 
ination of homeostatic cardiovascular reflexes. 
These are eliminated by virtue of the gangli- 
onic blocking properties of TEA(6). This 
hypothesis, now supported by Page and Tay- 
lor(7), is strengthened by the fact that TEA 


3. Page, I. H. and Taylor, R. D., J.A.M.A., 1947, 
‘v135, 348. 

4. Corcoran, A: ’*@: and .Pase,. 1. He, Proc. Soc: 
Exp. Bror. AnD MEp., 1947, v66, 148. 

5. Moe, G. K., J.A.M.A., 1948, v137, 1115. 

6. Acheson, G. H. and Moe, G. K., J. Pharm. and 
Exp. Therap., 1946, v87, 220. 

7. Page, I. H. and Taylor, R. D., Circulation, 1950, 
vl, 1233. 


potentiates the pressor response to other 
agents(1) and also enhances the fall of pres- 
sure produced by depressor substances(5), 
even that which follows the slow infusion of 
epinephrine(1). Moe also reported that, in 
intact anesthetized animals, the absolute rise 
of pressure in response to epinephrine was 
greater after TEA, but since the rise began 
from the hypotensive level established by the 
agent, the maximum was little greater than | 
before. Stutzman e¢ al.(8) report similar - | 
findings for phenylephrine after TEA. 


The enhancement of epinephrine pressor 
effects by the blocking of compensatory re- 
flexes, as is suggested by the evidence from 
the reports which have been cited, leaves un- 
explained however the potentiation of “Isu- 
prel” (N-isopropyl homologues of epineph- 
rine) tachycardia by TEA which at the same 
time augments the depressor response to the 
drug(4); nor does it explain the finding that 
hepatectomy abolished the augmenting action 
of TEA(3). There are few reports concern- 
ing the possibility of an additional direct 
mechanism although Moe(5) makes the state- | 
ment, unsupported by published data, that, in — 
the pithed cat, TEA does not appreciably alter 
the pressor action of epinephrine. This is at ’ 
variance with the findings herein shown which 
would indicate that TEA does possess the | 
property of potentiating the pressor actions of | 
epinephrine and of nor-epinephrine indepen- 
dently of the central nervous system. | 

A peripheral effect of TEA in modifying 
responsiveness to various substances has been | 
demonstrated by Collins(9). Using isolated | 
intestine he reported augmentation of re- 


8. Stutzman, J. W., Pettinga, F. L., Fruggiero, E. 
J. and Maison, G. L., Proc. Soc. Exp. Brox. anp Mep , 
1948, v68, 686. ; | 

9. Collins, D. A., J. Pharmacol. Exp. Therap, } 
1948, v94, 244. 


VIOKASE IN DEPANCREATIZED CATS 


sponses to angiotonin and histamine and 
variable results with barium chloride and 
acetylcholine. Stone(10) found that TEA 
potentiated the motor effect of epinephrine on 
the seminal vesicle of the guinea pig. Finally, 
suggestive evidence was presented by Stutz- 
man e¢ al.(8), who reported that epinephrine- 
induced ventricular tachycardia was enhanced 
by tetraethylammonium chloride, even in 
spite of effective sympathetic block, and su- 


10. Stone, C. A., 1951, unpublished data. 
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pradiaphragmatic splanchnicectomy. 
Summary. 1. The potentiation by TEA of 
the pressor responses to epinephrine and nor- 
epinephrine has been demonstrated in cats 
with spinal cord pithed. 2. The effect of 
epinephrine was enhanced to a greater extent 
than that of nor-epinephrine. 3. This poten- 
tiation was not due to the modification of 
homeostatic cardiovascular reflexes. 
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Effects of a Pancreatic Preparation (Viokase) in Depancreatized Cats. 
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18843) 


W. J. TuppenHam aNnp A. E. Mitman.* (Introduced by F. D. W. Lukens.) 
From the George S. Cox Medical Research Institute, University of Pennsylvania, Philadelphia, Pa. 


Substitution therapy for patients or animals 
which are deficient in the external secretion of 
the pancreas is still unsatisfactory. The vari- 
ous pancreatic preparations have afforded only 
limited replacement. Depancreatized carni- 

vorous animals have usually been fed raw 
pancreas for its digestive and lipotropic effect. 
Even this falls far short of the normal external 
secretion. Recently a desiccated, defatted 
pancreatic powder (Viokase)+ has been tried 
in depancreatized cats in this laboratory. The 
effect of this powder on the mass and fat con- 
tent of the stools has been examined. Its in- 
fluence on the insulin requirement has been 
observed because of Machella’s unpublished 
report that the insulin requirement of a de- 
pancreatized man was increased during its 
administration. 


_ Methods. Cats were depancreatized under 
nembutal anesthesia and the completeness of 
the operation confirmed by the amount of 
glucose excreted during fasting on the first 
one or 2 post-operative days. After this, a 
few days on insulin and penicillin put the 
animals in excellent condition. They were 
kept in metabolism cages. The daily excre- 


* National Institutes of Health Postdoctorate Re- 
search Fellow, 1949-50. 

+ Manufactured by the Viobin Corp., Monticello, 
Til. 


tion of glucose was determined and the dose 
of insulin adjusted accordingly. The stools 
of each cat were collected daily before the 
cages were cleaned, and were pooled for each 
metabolic period; the pooled samples were 
then dried to constant weight in a hood and 
analyzed for total fat by the method of Fow- 
weather(1) adapted for use on the dried stool. 
Duplicate or triplicate analyses were per- 
formed on each sample. 


The diet for all animals during all periods 
used for fat analyses (Tables I and II) was 
150 g of raw horse meat daily. The studies 
on insulin requirement included some animals 
on 150 and some on 200 g of meat. The meat 
was quite constant in its composition. Analyses 
of different lots showed that it contained 73% 
water; 27% solids (dry weight); 20.8 g of 
protein per 100 g meat based on the determina- 
tion of nitrogen. This means that the 150 g 
diet contained 31 g of protein, and 41 g dry 
weight. Two fat analyses showed 0.082 and 
0.093 g of fat per gram dry weight of food. 
Based on the average of these measurements, 
the daily fat intake was 3.57 g per day. Dur- 
ing the periods on Viokase, 2 level teaspoon- 
fuls (about 3 g) of this powdered pancreas was 
mixed with the meat. Because of its small 


1. Fowweather, F. S., Brit. J. Exp. Path., 1926, 
VET. 
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VIOKASE IN DEPANCREATIZED CATS 


TABLE I. Wt and Fat Content of Feces of Cats Under Various Conditions (Diet Constant). 


— —Feeal fat excretion———, 


Feeal wt Conce.,* 
Period, Wet, Dry, mg/g Amt, % of in- 
Condition Cat No. days gperday ° dry wt g/day gested fat 
Normal M- 9 3.5 — —- 17+ 5 
M-11 7 2 1.03 146 15 4 
M-15 5 3 1.16 173 20 6 
M-16 4 29 2.48 164 41 12 
Depancreatized M-7 8 4.3 — tas L.73+ 48 
receiving M-7 “i 10.2 4.62 ~~ 30% 1.43 40 
Viokase M-1 8 13.6— 8.06 478 3.87 SAOO 
M-14 6 13.2 9.25 4915 4.58 salsa Ofte 
M-18 4 9.4 6.33 625 3.89 £100"? 
Depancreatized M-14 4 57 24.20 323 7.83 SOLO ORF 
without M-23 4 24.5 8.38 234 1.96 55 
Viokase 4 4 2 11.76 235 2.75 77 
8 5 42 231 3.54 99 


15.35 


4 


* Avg of dupheate determinations on pooled sample of period. 


t Based on analysis of fresh stool. 


TABLE II. Avg Values of Fecal Wt and Fat 
Excretion (Diet Constant). 


Fat excreted 


-— Fecal wt Cone., 
Wet, Dry, mg/g Amt, 
Condition g per day dry wt g/day 
Normal 2.9 1.55 161 22 
Depancreatized; 10.7 7.24 464 3.23 
on Viokase 
Depancreatized; 37.4 14,92 256 4.02 


without Viokase 


amount and freedom from fat this has been 
disregarded in the calculation of results. 

Results. Table I presents the observations 
with and without ithe addition of Viokase to 
the constant meat diet. In both groups of 
depancreatized animals a marked variation in 
the weight and fat content of the stools was 
observed. The increased total and solid 
weight of the stools after pancreatectomy fol- 
lowed the pattern described in dogs by Selle 
and Moody(2). The most striking effect of 
Viokase is the reduction in the bulk and dry 
weight of the stools ito half that of the un- 
treated depancreatized series of animals. 
Table II summarizes the averages which be- 
cause of their small number and wide range 
do not merit statistical analysis. However, 
the effect of Viokase on the weight of the stool 
is regarded as significant. 

When the data on fat excretion are ex- 


amined, it is seen that the concentration of 
fat tended to be greater in the treated series. 
However, the amount of fat excreted is essen- 
tially the same for both groups of depan- 
creatized cats. This resembles the results ob- 
tained in dogs treated with pancreatin(2). 
The last column of Table I, which expresses 
the fat excreted as per cent of the ingested fat 
permits comparison with the results in depan- 
creatized dogs studied by Coffey, Mann, and 
Bollman(3). They found that fat excretion 
amounted to 54 to 76% of the dietary fat. 
Our cats which excreted 40 to more than 
100% indicate the range and irregularity of 
this finding. 

During the administration of Viokase, the 
bulk of the stools was decreased without ap- 
parent alteration in fat absorption. In Cat M- 
14, which was studied on both regimens (Table 
I), the fecal nitrogen was determined. When 
given Viokase, this amounted to 0.4 g of nitro- 
gen daily. Without Viokase the fecal nitrogen 
was 1.9 g per day. These values represent 2.5 
and 12 g of protein respectively. Others have 
described the impaired protein absorption 
after pancreatectomy and its partial preven- 
tion with pancreatin(3). The single observa- 
tion on Cat M-14 is in accord with these 
results. 


The insulin requirement. In the studies 


2. Selle, W. A., and Moody, I. W., J. Nutrition, 
LOS Kenvl'sye U5s 


3. Coffey, R. J., Mann, F. C., and Bollman, J. L., 
Am. J. Digest. Dis., 1940, v7, 141, 144. 


DETOXIFICATION OF ALLOXAN BY BORATE 


TABLE III. Insulin Requirement of Depan- 
ereatized Oats. 


Aye values —=———,, 


Dietary Meat Insu- Glyco- 
supple- per  lin/day, suria/ Initial 
Group* ment day,g units day,g wt, kg 
A Raw 182 9.5 3 2.3 
pancreas 
B Viokase 180 15.4 8.7 2.7 


* A—-based on 6 metabolic periods of 3 to 5 days 
each in 5 cats; B—based on 7 metabolic periods in 


4 cats. 


cited(2,3) no mention is made of the effect of 
any replacement treatment on the insulin re- 
quirement of depancreatized dogs. One would 
expect that improved digestion might influ- 
ence the need for insulin and the data in 
Table III suggests that this is so. In Table 
III, group A consists of animals prepared 10 
years ago when raw pancreas (50 g daily) was 
part of the diet. Group B is composed of 
animals on Viokase, some of which were not 
studied for fat excretion and received diets of 
200 g. The average diet and body weight for 
each group is similar. The cats given Viokase 
received almost twice the amount of insulin 
used in group A, but in spite of this excreted 
nearly 3 times as much glucose in the urine. 
The dose of insulin varied widely in different 
cats (6 to 24 units per cat in the past few 
years in this laboratory). For this reason 
one must be guarded in the interpretation of 
such averages. Nevertheless, the number of 
animals and of metabolic periods suggest that 
there is a true and possibly striking effect of 
Viokase on the insulin requirement. When one 
surveys the reports on impaired pancreatic di- 
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547 


gestion and the relative inadequacy of avail- 
able substitutes, it is not surprising that the 
depancreatized animal(4) and man(5) re- 
quire less insulin than their counterparts 
(pituitary or alloxan diabetes(6,4) and clin- 
ical diabetes) in which an essentially normal 
external secretion is present. 

The general usefulness of Viokase in depan- 
creatized cats may be summarized. It is more 
convenient, and probably cheaper, to add a 
stable powder to the diet than to procure fresh 
pancreas. The steatorrhea and loss of body 
weight which follow pancreatectomy are per- 
haps better controlled than with raw pancreas. 
In general, Viokase has kept depancreatized 
cats in satisfactory condition. The effect on 
insulin requirement, which may be regarded 
as an index of improved digestion, suggests 
that this pancreatic preparation deserves clin- 
ical trial, especially when faulty absorption 
of protein is present. 

Summary, A pancreatic preparation (Vio- 
kase) has been used to substitute for the ex- 
ternal secretion in a series of depancreatized 
cats. It had no effect on fat absorption but 
diminished the bulk of the stools, probably by 
improving the digestion of protein. The im- 
proved digestion was accompanied by an in- 
creased requirement for insulin. 


4. Thorogood, E., and Zimmerman, B., Endocri- 
nology, 1945, v37, 191. 

5. Gaston, E. A. New England J. Med., 1948, 
v238, 345. 

6. Marks, H. P., and Young, F. G., J. Endocri- 
nology, 1939, v1, 470. 
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It has recently been reported(1) that nor- 


* Supported by a grant from the Division of Re- 
search Grants and Fellowships of the National Insti- 
tutes of Health, United States Public Health Service. 

+ Present address: Army Medical Service Graduate 
School, Army Medical Center, Washington, D. C. 


mal subjects excrete an alloxanic acid-like 
compound which on hydrolysis yields oxo- 


1. Seligson, D., Seligson, H., Shapiro, B., Paley, 
R. G., Riaboff, T. and Lukens, F. D. W., Fed. Proc., 
1951, v10, 124. 
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malonic acid. This in turn suggests that al- 
loxan may be an intermediate metabolic 
product in man. If calculated as alloxan, the 
oxomalonic acid which was isolated would rep- 
resent a urinary excretion of about 100 mg per 
day. If urinary oxomalonate arises from 
alloxan, which is a likely possibility, then it is 
desirable to learn more of the biochemical 
reactions of alloxan. It is the purpose of this 


report to show that borate detoxifies alloxan 


in a hitherto unrecognized manner. Rose and 
Gyorgy(2) have reported that boric acid in- 
jected into rats prior to alloxan prevents the 
development of alloxan diabetes, but they did 
not study the chemical reactions involved. 
Seligson and Seligson(3) found that al- 
loxan in neutral buffers is converted to allox- 
anic acid and that the reaction was catalyzed 
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FIG. 1. Curves represent the log of the per cent of 

added alloxan remaining in a 0.1 M phosphate 

reaction mixture during the course of the reaction. 

Figures adjacent to each curve show the concentra- 

tion of added borate in the reaction mixture. The 
pH at 5 min was 7.1 for each mixture. 


2. Rose, C. S., and Gyorgy, P., Proc. Soc. Exp. 
Brov. AnD Mep., 1949, v70, 746. 

3. Seligson, D., and Seligson, H., J. Biol. /Chem., 
1951, v190, 647. 
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FIG. 2. Curves represent the log of the per cent of 


added alloxan remaining in a reaction mixture con- 
taining plasma and varying amounts of borate. 
Reaction mixtures at 5 min were pH 7.4. 


by hydroxyl ions. The conversion was a rapid 
first order reaction with alloxan being half 
decomposed in 2 to 4 minutes depending upon 
temperature and pH (Fig. 1, curve O). Al- 
loxan in plasma behaved similarly, half the 
alloxan having disappeared in 5 minutes 
(Fig. 2, curve O). 

Alloxanic acid contains a free carboxyl 
group which is readily and stoichiometrically 
oxidized by ceric sulfate yielding parabanic 
acid and 1 molecule of carbon dioxide. Al- 
loxan is not so oxidized. Thus, measurement 
of the ceric sulfate consumed or COs liber- 
ated provided a method for following the 
kinetics of the conversion of alloxan to allox- 
anic acid. A microdiffusion method(4) was 
used for measuring the liberated carbon 
dioxide. 

Procedure. Phosphate buffer+ 5 parts water 
4 parts and alloxan? 1 part, were rapidly mixed 


4. Seligson, D. and Seligson, H., in preparation. 

t The phosphate buffer solution was 0.2 M and 
its pH was 7.49. The alloxan solution was 0.01 M 
in 0.001 N HCl. 
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FIG. 3. Log of the concentration of borate plotted 
against the half life of alloxan added to a phos- 
phate buffer or plasma follows a straight line 
function. 


and periodically 2 ml of reaction mixture was 
rapidly transferred to 3 ml of 6 N H2SQx,. 0.5 
ml was treated with 1 drop of ceric sulfate re- 
agent (ceric sulfate, .0.3 N in 3 N H2SO, con- 
taining sufficient osmium tetroxide to make 
the solution 0.00001 M) and the liberated 
carbon dioxide was measured by a microdif- 
fusion procedure(4). A reagent blank was 
run for the COs content of the system, using 
water instead of alloxan. In this manner the 
values for alloxan, shown in Fig. 1, were ob- 
tained. The effect of borate was measured by 
substituting dilutions of the borate buffer 
(0.1 M and pH 7.40) for the 4 ml of water 
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above and thus making reaction mixtures 
0.0004 M, 0.004 M, and 0.04 M with respect 
to borate. 


Plasma was studied in the above systems 
by replacing the 5.00 ml of phosphate buffer 
with plasma diluted 1:2. 

Results. The data shown in Fig. 1 and 2 
show the remarkable accelerating effect of 
borate on the conversion of alloxan to al- 
loxanic acid. Increasing concentrations of 
borate accelerate the reaction in a regular 
manner as shown in Fig. 3, where the log of 
the concentrations of borate plotted against 
the half life of alloxan gives straight lines in 
phosphate buffer and in plasma. 


Discussion. The effect of borate in catalyz- 
ing the reaction may be through a Boeseken 
type ester as follows: At pH 7.4 alloxan forms 
an enol (1) which results in a cis-dehydroxy 
form and this is assumed to form a Boeseken 
type of ester (II) which quickly goes to the 
more stable alloxanic acid borate complex 
(III). Evidence for the latter is obtained by 
the greater difficulty in oxidizing alloxanic 
acid in the presence of borate and also the 
greater acidity of the borate alloxanate 
complex. 

An explanation on the protective effect of 
boric acid(2) against the diabetogenic effect 
of alloxan in rats is supplied by the accelerat- 
ing effect of borate on the conversion of toxic 
alloxan to non-toxic alloxanic acid(5). This 
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constitutes a previously unrecognized mecha- 
nism for the destruction of alloxan differing 
from those based on reduction as by gluta- 
thione(5), or condensation(5). 


DESOXYCORTICOSTERONE ACETATE AND “HYPERHEPARINEMIA” 


Conclusion. Borate greatly accelerates the 
conversion of alloxan to alloxanic acid. This 
observation provides an explanation for its 
protective effect against alloxan diabetes. 


5. Lukens, F. D. W., Physiol. Rev., 1948, v28, 304. 
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Use of Desoxycorticosterone Acetate in Treatment of “Hyper- 


heparinemia”. 


Warren N. BELL AND EpwArp G. STUART. 
From the Special Hematology Laboratory of the Medical Clinic, 
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(18845) 


(Introduced by F. D. W. Lukens.) 


University of Pennsylvania 


Hospital, and the Department of Anatomy, University of Pennsylvania Medical School. 


It has long been assumed that mast cells 
contain heparin in an active or inactive 
form(1). Recently, evidence has been pre- 
sented(2) to show that, in response to certain 
hormonal products, chiefly of the stress-pro- 
ducing type, the morphologic pattern of the 
mast cells of mice and other animals are al- 
tered and, in the animals studied, the heparin 
content of the blood may increase. Of the 
hormones studied, only desoxycorticosterone 
acetate (DCA) was found to preserve the 
morphology intact and, in larger doses, pre- 
vented its alteration by subsequent adminis- 
tration of the stress-producing hormones(2). 

Recently, an opportunity was afforded to 
study a case of idiopathic “hyperheparin- 
emia”(3). Since this report, we have studied 
the effect of protamine sulphate and DCA 
on this patient’s coagulation defect. The re- 
sponse to protamine therapy was excellent 
but, after a month, evidence of resistance to 
protamine appeared and he relapsed. Because 
of his subsequent failure to respond to pro- 
tamine sulphate, it was decided to try the 
effect of large doses of DCA on this patient. 
The administration of 25 mg of DCA in oil 
daily by the intramuscular route resulted in a 
drop of the endogenous heparin from 23 y 


* Aided in part by a grant from Eli Lilly and Co., 
Indianapolis. 

1. Jorpes, J. E., Heparin, Oxford University Press, 
1939. 

2. Stuart, G. E., Anat. Rec., 1951, v109, 351. 

3. Bell, W. N., Blood, in press. 


per ml of plasma to 0 y in 4 days (Table I). 

During the course of observation, this pa- 
tient, under control conditions, showed a clot- 
ting time (Lee-White) of 110-130 minutes, a 
prolonged one stage prothrombin time 
(Quick) of 75-90 seconds (normal 13.2 sec- 
onds), despite a normal prothrombin concen- 
tration by the modified 2-stage procedure of 
Ware and Seegers(4), and a prolonged recal- 
cification time of oxalated plasma. Both the 
protamine titration test(5) and the prota- 
mine-heparin titration method(6) gave con- 
sistently abnormal values under control condi- 
tions. During therapy with DCA, the three 
other abnormal tests improved along with the 
drop in the protamine titration. A complete 
reversion to normal values occurred when the 
endogenous heparin had fallen to an insig- 
nificant amount in the plasma. 


To rule out the possibility of a spontaneous » 
remission, treatment was discontinued for 72 
hours following which hyperheparinemia re- 
curred. On the readministration of 90 mg of 
DCA in a period of 4 days, the heparin level 
of the blood again fell from 23 to 2 y per ml 
of plasma. This observation suggests the pos- 
sible use of this therapy in the hemorrhagic 


4. Ware, A. G., and Seegers, W. H., Am. J. Clin. 
Path., 1949, v19, 471. 

5. Allen, J. G., Sanderson, M., Milham, M., Kir- 
schon, A., and Jacobson, L. O., J. Exp. Med., 1948, 
v87, 71. 

6. LeRoy, G. V., Halpern, B., and Dolkart, R. E., — 
J. Lab. and Clin. Med., 1950, v35; 446. 
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TABLE I. 
Clotting 1-stage Recaleification Endogenous 
Day of tome prothrombin time of oxalated heparin in 
treatment (min) (see) plasma (sec) plasma (y/ml) 
Before DCA 137 142 270 23 
After 2 days 131 23 
Sines 72 17 
ce ed 14 13.8 90 0 


tendency following irradiation(5). 

In this patient, the use of desoxycorti- 
costerone acetate, in large doses, reduced the 
level of heparin or heparinoid substances in 


the blood. The mechanism of this response 
is unknown, 
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Characteristic Electrophoretic Patterns in Hemophilia and Idiopathic 
Thrombocytopenia.* (18846) 


PETER BERNFELD AND Mario STEFANINI.+ 
(With the technical assistance of Virginia M. Donahue.) 


From the Cancer Research and Cancer Control Unit and the Blood Research Laboratory, 
New England Center Hospital, and the Departments of Surgery and Medicine, Tufts 


College Medical School, 


Observations on the changes in the com- 
position of plasma proteins in the hemor- 
rhagic diseases as revealed by electrophoresis 
are practically non-existent. Armstrong(1) 
failed to find any fundamental electrophoretic 
difference between normal and hemophilic 
plasma. No data are available in the litera- 
ture on the electrophoretic patterns in idio- 
pathic thrombocytopenia. 

Routine electrophoretic analyses of plasma, 
by means of the technic described in a pre- 
vious communication(2), have been con- 
ducted during the past year in a group of 
cases with various types of hemorrhagic mani- 
festations. This group included 5 cases of 


* This study was supported by grants from the 
American Cancer Society and the Damon Runyon 
Memorial Fund for Cancer Research. 

+ This work was completed during the tenure of a 
Damon Runyon Senior Clinical Research Fellowship, 
administered by the American Cancer Society. 

1, Armstrong, S. H., Jr., Quoted by Lewis, J. H., 
et al., J. Clin. Inv., 1946, v25, 870. 

2. Bernfeld, P., Bonner, C. D., and Homburger, F., 
Proc. Second Clin, ACTH Conf., Blakiston Co., 1951, 
vl, 282. 


Boston, Massachusetts. 


hemophilia, 8 of idiopathic thrombocytopenic 
purpura, 6 of thrombocytopenia secondary to 
hypoplastic anemia or leukemia, 3 with the 
“anaphylactoid” type of vascular purpura, 
and 6 with vascular purpura. A characteristic 
anomaly of the electrophoretic patterns was 
observed in 17 of these 28 patients. The 
anomaly consisted in: (a) the appearance of 
an unusual peak in the group of the q-globu- 
lins, which we have designated as a,x (Fig. 1), 
with a motility ranging between 4.30 and 4.60 
x 10° cm? volt? sect (in veronal-citrate 
buffer, pH 8.6, ionic strength 0.1); (b) com- 
plete disappearance of the usual q2- and as- 
globulin peaks with mobility between 3.75 and 
4.25 & 10° cm? volt sect. These changes 
were more marked in the ascending than in 
the descending boundaries. 

These anomalies were observed in all the 
cases of hemophilia and idiopathic thrombo- 
cytopenia which were studied; they were also 
found in 2 of the 6 cases of secondary throm- 
bocytopenia, in 2 of 3 cases of the “anaphylac- 
toid” type of vascular purpura. The charac- 
teristic anomaly was also observed in 2 cases 
of acquired hemolytic anemia, one of which 
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aracteristic. electrop! oretic patterns in plasma. of par ients with hemophilia or 


FIG. 1. 
idiopathic thrombocytopenic purpura. 


(A: normal plasma; B: plasma with characteristic 


anomaly). 


presented thrombocytopenia (Case M.G.), 
and the other one evidence of platelet dys- 
function as demonstrated by an elevated pro- 
thrombin activity of serum (Case O.K.). On 
the other hand, the described abnormalities 
were not evident in numerous other cases 
(164) studied in our laboratories. These in- 
cluded healthy individuals and patients with 
a large variety of pathologic conditions. A 
few of these control cases exhibited a peak 
with mobility similar to that of the qa, but 
both q@s- and q3-globulin peaks were present 
in normal amounts. Pertinent laboratory 
findings of all the cases with the characteristic 
electrophoretic anomaly are collected in 
Table I. 

The interpretation of the findings presented 


in this paper is difficult, since the character~ 
istic patterns described were found in a vari- 
ety of hemorrhagic diatheses, which are ap- 
parently unrelated in their pathogenetic 
mechanism. From the technical point of view, 
it cannot be stated with certainty whether the 
modifications described here indicate the 
presence of a particular protein or a mere 
anomaly. Nevertheless, it appears significant 
that such characteristic electrophoretic pat- 
terns were consistently found in hemophilia 
and idiopathic thrombocytopenic purpura. In 
hemophilia, transfusion of fresh plasma (Case 
D.C.) and the injection of 200 mg of Corti- 


3. Ivy, A. C., Shapiro, P. F., and Melnick, P., 
Surg., Gynec. and Obst., 1935, v60, 781. 
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TABLE I. Pertinent Laboratory Data in Patients Exhibiting the Characteristic Electrophoretic Ano- 
maly. (A normal case is given as a control). 


Ete E pois Bas Fie: SONS SS 

eo Bee ah BS LOS hee oe Se 

aS) a+ Bis Paice a apes. as ss 

3 23 oes foe Bae ae eS ee Bee 

Be ey ee te ie earrexsg 282 38 eget ose, Bae 

ai. bh Ore Seva Hoa Os Aa & Be ose 

(A) Hemophilia 
D.C. 4 M 1340 5% 560 1 43 95/100 472.4 12 
EINE 30 M 1620 4 529.3 4 51 69/87 407 38 
R.S. 43 M 1724 51% 464.8 if 44 89/94 364.7 29 
B.So. 9 M 1587 5% 754.2 8 43 90/92 474.9 10 
S.F. 1 M 1427 7 551.8 1 24 57/90 229.5 21 
(B) Acute idiopathic oA Uae bie purpura 

ALR. 42 F 48 18 53.4 19 57/90 279.4 35.5 

PE TG M 37 >20 26.5 18 iB 62/95 471 28.5 
‘T.M. 2 M 28 Wer 20.9 12 12 80/100 307.2 42 

A.W. 15 M 49 >20 13 16 9 75/100 401.9 24.2 

E.F. 16 ¥F 32 19 8.2 27 0 89/100 297.2 29.5 
H.C. 56 M 35 >20 24.5 15 12 21/41 175.4 27, 

R.A. 6 M 41 >20 11.1 24 5 40/100 375.8 13.6 

Via. 6 EF 33 18 58.3 18 10 62/95 403.6 25.8 

(C) Miscellaneous 

C.B.J 16 F 29 18 30.9 44 7 75/95 179.4 14.5 
Je Wate M 37 >20 23 65 2 60/80 371.4 27 
MRP 5 F 28 5% 616.9 2 37 4.7/100 379.2 77 
BSW ree aD, M 36 4 800.42 15 82 15/100 456.1 91 

O.K.tt 34 ¥ 31 514% 424.5 4 21.5 74/79 368.5 59.5 
M.G.tt 44 F 40 6% 180 9 19.5 32/69 287.4 34 

(D) Normal 
33 M 37 214 560.8 2 39.5 8/100 435.7 79.5 


* Blood was collected with Silicone-coated syringes and needles 


test tubes. 
t Method of Ivy(3). 


and transferred to Silicone-coated 


¢ Expressed as number of petechiae in an area of 1 inch diameter on the anterior surface of the 
forearm, 2 fingers below the antecubital fossa, after 10 min of application of mean blood pressure. 
§ Expressed as ml of serum obtained from 1 ml of whole blood (> 100). 


|| Figure at numerator indicates prothrombin activity of serum, 


thrombin activity of plasma. 
| Hypoplastic anemia. 


sone intramuscularly (Case R.S.) failed to 
modify the described anomaly. This occurred 
equally in one patient who had never received 
transfusions previously (Case S.F.) and in 4 
others to whom repeated plasma and blood 
transfusions had been administered. In the 
latter group no precipitating antibodies 
against human plasma or antihemophilic glob- 
ulin could be demonstrated. In the idiopathic 
thrombocytopenia group, the characteristic 
electrophoretic patterns were found to be still 
present 6 months after recovery of the pa- 
tients, following either spontaneous remission 
of the disease (Case R.A. and H.F.) or suc- 
cessful splenectomy (Case T.M. and E.F.). 
Further investigations are in progress. 
Summary. Characteristic electrophoretic 


** Anaphylactoid purpura. 


figure at denominator gives pro- 


ti Hemolytic anemia. 


patterns have been observed in all 5 cases of 
hemophilia and in all 8 cases of idiopathic 
thrombocytopenic purpura. These patterns 
show the following characteristics: (a) ap- 
pearance of an unusual peak in the group of 
the a-globulins (ax), and (b) disappearance 
of the usual q2- and a3-globulin peaks. The 
same anomaly has been observed in some 
cases of secondary thrombocytopenia, “anaph- 
ylactoid” type of vascular purpura, and he- 
molytic anemia with evidence of platelet 
dysfunction. 


The authors wish to acknowledge gratefully Dr. 
William Dameshek’s helpful suggestions and com- 
ments during the above investigation. 
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Further Observations on Cold Hemagglutinin Activity in Encephalomyo- 
carditis, M.M., Mengo Encephalomyelitis and Columbia-SK—  __- 


Immune Sera. 


(18847) 


BENJAMIN V. SreGEL.* (Introduced by Sidney Raffel.) 


From the Department of Bacteriology and Experimental Pathology, Stanford University 
School of Medicine, Calif. 


Cold hemagglutinins are serum entities 
which possess the property of aggregating 
human erythrocytes, in particular erythro- 
cytes of the O group, at low temperatures. 
Stats and Wasserman(1) have reviewed the 
subject quite extensively, and the introductory 
descriptive material below derives in the main 
from that source. 

Cold hemagglutination was first recognized 
by Landsteiner(2) who showed it to depend 
upon a definite antigen-antibody reaction. 
The reaction can be distinguished from the 
usual iso- or hetroagglutination by its high 
sensitivity to thermal change; as a rule it 
occurs to only a slight extent or not at all 
above 22°C. The phenomenon of agglutina- 
tion in the cold can be reversed by warming 
to temperatures above 20°C and caused to 
recur by cooling to below 10°C. Cold hemag- 
glutinins do not lose their activity after heat- 
ing to 56°C for 30 minutes, and, like other 
agglutinins, they can be stored in the cold 
with only slight diminution in potency. Cold 
hemagglutinins have been described(1) as 
gamma globulins. Antibody nitrogen studies 
have also revealed that a titer of cold ag- 
glutinins of 1:2560 is equivalent to 1.473 mg 
nitrogen per ml. 

Positive cold hemagglutination reactions 
have thus far been demonstrated chiefly with 
sera from cases of primary atypical pneu- 
monia. The only other sera which elicit this 
phenomenon with any regularity are those 
from individuals with African trypanosomia- 
sis. ‘Cold hemagglutinins at high titers have 
also been reported in sera from cases of ac- 


* Grateful acknowledgement is made to Mr. Alfred 
Nell for his technical assistance. 

1, Stats, D., and Wasserman, R. L., Medicine, 
1943, v22, 363. 

2. Eandsteiner, K., Miinchen. med. Wschuschr., 
1903, v50, 1812. 


quired hemolytic anemia and in some patients | 


with Raynaud’s disease(1). 

A preliminary serological study(3) showed 
an increased activity of cold agglutinins in 
the sera of rabbits immunized with a mouse 
brain suspension of encephalomyocarditis. 
virus. This suggested that perhaps other 
viruses, particularly those of murine poliomye- 
litis, or as Warren e¢ al.(4) suggest, the en- 
cephalomyocarditis group, might also induce 
this response. The experiments described be- 
low were carried out to determine the extent 
to which these viruses may elicit cold hemag- 
glutinin production, and to investigate the 
possibilities of such a technic in providing an 
additional differential criterion for the en- 
cephalomyocarditis group. 

Preparation of antisera. Ten per cent sus- 
pensions of infected mouse brain in isotonic 
saline were used as immunizing antigens. The 
rabbits employed were not of an inbred stock, 
but stemmed from several different families. 
They were 10 weeks of age or older at the 
start of the experiment; this in light of past 
studies by Wheeler(5) who found that the 
normal cold-agglutinin titer of newborn rab- 
bits diminished considerably during the first 
weeks following birth. Two or 3 rabbits were 
used for each virus. Prior to immunization all 
rabbits were bled for normal specimens of 
serum. At weekly intervals, over a period of 
3 weeks, 1 cc amounts of the antigen suspen- 
sions were injected into the animals by the 
intramuscular route. During the fourth and 
fifth weeks 2 cc and 3 cc amounts respectively, 
were introduced intraperitoneally. Following 
a 10-day rest period the animals were bled 
from the heart. The blood samples were al- 


3. Siegel, B. V., Bact. Proc.»1951, 96 abstract. 

4. Warren, J., Smadel, J. E., and Russ, S. B., J. 
Immunol., 1949, v62, 387. 

5. Wheeler, K. M., J. Immunol., 1938, v34, 409. 
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lowed to clot for 2 to 3 hours at room tem- 
perature, and the expressed sera were re- 
moved, spun, and then stored at —20°C un- 
til ready for testing. The titers of the inocula 
employed, expressed as the reciprocals of the 
‘logarithms of the LDs9, were 8.1, 8.5, 7.9 and 
7.0 for EMC, M.M., Mengo, and Columbia- 
SK, respectively. 

Cold hemagglutination test. Although all 
human erythrocytes can be agglutinated in the 
cold by hemagglutinating sera, group O cells 
were used because they were found generally 
to yield highest titers. The human O blood 
employed was stored in an equal volume of 
Alsever’s solution at refrigerator temperature; 
prior to testing the cells were washed 3 times 
in isotonic saline and then brought up to 2% 
by volume with saline. 

Progressive 2-fold dilutions of serum in 
saline, from undiluted to 1:512, were pipetted 
in 0.05 cc quantities into serological tubes 
(10 x 75 mm), and 0.05 cc of the 2% red cell 
suspension was added to each tube. The tubes 
were shaken and then placed in the refrig- 
erator (4°C) for 30 minutes. At the end of 
this time the tube mixtures were centrifuged 
for 1 minute at 1500 rpm and returned to the 
refrigerator for another 30 minutes, following 
which they were read for agglutination under 
the low power of the microscope. To gain 
some idea about the thermal range of the re- 
action for the several sera, similar tests were 
carried out at 22°C and at 37°C. In addi- 
tion, reversals of the reaction were studied, 
those sera initially tested at 4°C being later 
studied at 37°C and those tested at 22°C 
and 37°C later studied at 4°C. All readings 
were carried out rapidly at room temperature, 
the end point being determined by the last 
tube showing distinct clumping under low 
power magnification. 

Results. The findings are condensed in 
Tables I and II. The former delineates the 
results in terms of average titers, while the 
latter pictures the outcome of tests with 
pooled sera. ‘Titers, in both cases, are ex- 
pressed as the reciprocal of the highest dilu- 
tion of serum which gave agglutination. 

Since there was the possibility that normal 
mouse brain tissue itself might be the inciter 
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TABLE I. Cold Hemagglutinins in Rabbit Sera 

for Human O Erythrocytes both Before and After 

Immunization with Viruses of the Encephalomyo- 

carditis Group. Titers based on avg values of in- 
dividual sera. 


No.of —— Avg titer at —{ 
Virus sera 37°C 22°C 4°C 
Normal mouse 2N* 2 2 2 
brain 21t 4. 6 48 
Encephalo- 3N il 2 18 
myocarditis 3 2 10 138 
M.M. 2N 1 1 9 
2 5 aly 80 
Mengo encephalo- 3N op 6 37 
myelitis 31 2 20 64 
Columbia-SK 3N 3 8 17 
al 3 12 69 
* Normal. t+ inmune. 


TABLE II. Cold Hemagglutinins in Rabbit Sera 

for Human O Erythrocytes both Before and After 

Immunization with Viruses of the Encephalomyo- 
carditis Group. Titers based on pooled serum 


specimens. 
No. of sera ,—— Pooled titer at —, 
Virus pooled 37°C 22°C / 4°C 
Normal mouse 2N* ~ Undil. 4 32 
brain 2. 1t 2 4 32 
Encephalo- 3N Undil,  Undil. 8 
myocarditis 31 8 8 128 
M.M. 2N Undil. 2 2 
: 21 16 32 128 
Mengo encephalo- 3N Undil Undil 8 
myelitis 31 2 8 8 
Columbia-Sik 3N Undil 2 8 
aL 2 8 64 
* Normal. t Immune. 


of increased cold hemagglutinin production, a 
control was run with two rabbits which, fol- 
lowing the regular cardiac bleeding, were sub- 
jected to inoculation with a 10% mouse brain 
suspension in isotonic saline. In this connec- 
tion it might be mentioned that Nakamura(6) 
had found that lipids in raw milk, when in- 
jected into normal rabbits, caused increases in 
the titer of cold hemagglutinins. From the 
tables it appears that the mouse brain tissue 
actuated an average 2-fold increase in the titer 
and some alteration in the thermal amplitude; 
while the results obtaining from titrations 
with the same sera pooled manifested no 
change in titer. For practical purposes then it 
seems reasonable to assume that any marked 
changes evinced in the virus-immunized rab- 
bits could be ascribed to the activity of the 


6. Nakamura, I., Keijo. J. Med., 1931, v2, 425. 
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virus itself. 

Further perusal of Table I reveals that 
EMC virus occasioned approximately an 8- 
fold increase in titer, M.M. virus a 9-fold in- 
crease, and Columbia-SK a 4-fold increase; 
these changes were accompanied always by 
augmented thermal amplitudes. In the case 
of Mengo virus, the increase in titer was of a 
similar order of magnitude as that following 
vaccination with the normal mouse brain sus- 
pension. In the experiments with pooled sera 
(Table II) the results were much more strik- 
ing. A study of the table indicates that EMC 
virus instigated a marked production of cold 
hemagglutinins, the immune titer being 16- 
fold that of the normal, while M.M. virus ini- 
tiated a 64-fold increase in titer and Colum- 
bia-SK an 8-fold increase. Again Mengo virus 
acted like normal mouse brain, in this case 
evoking no change. 


Discussion. It appears on the basis of these 
preliminary findings that of these 4 related 
viruses, M.M., EMC, Columbia-SK, and 
Mengo encephalomyelitis, the last alone mani- 
fests no propensity for provoking the produc- 
tion of cold hemagglutinin. 

It appears also from these results that there 
is a direct relationship between titer and ther- 
mal amplitude, a finding in line with those 
made earlier by Bialosuknia and Hirszfeld(7), 
and Kettel(8). Hirszfeld(9) was of the opin- 
ion, too, that the thermal amplitude reflects 
also the combining affinity of the antibodies, 
the agglutinins with greater affinity being less 


7. Bialosuknia, W. and Hirszfeld, L., Compt. Rend. 
Soc. Biol., 1924, v90, 1198. 

8. Kettel, K., Compt. Rend. Soc. Biol., 1929, v100, 
Yale 

9. Hirszfeld, L., Klin. Wehnschr., 1924, v3, 1180 


Cotp HEMAGGLUTININ ACTIVITY 


dependent upon conditions of temperature. 
The observations of Warren, Smadel, and 
Russ(4), Dick(10), Olitsky and Yager(11), 
and Schultz(12) have all pointed to the ex- 
istence of a generic relationship and common. 
antigenicity among the viruses of the enceph- _ 


‘alomyocarditis group. While no evidence is 


presented to the contrary, the findings here 
might suggest-that these viruses may differ in 
their-antigenic make-up insofar as they relate 
to the production of antibodies against human 
red blood cells. 

The number of variables entering into ex- 
periments of this kind suggest, in addition to: 
the use of a larger number of rabbits, employ- 
ment of inbred animals of the same families: 
and of approximately the same ages. As a 
further measure to insure against adventitious 
results, the use of rabbits with the same nor- 
mal cold hemagglutinin titers would be de- 
sirable. 

Summary. Cold hemagglutination studies: 
were undertaken to explore the possibilities of 
this method for neurotropic viral analysis. 
Preliminary experiments had indicated that 
such an approach might provide additional 
differential criteria for the viruses of the en- 
cephalomyocarditis family. ‘The observations. 
reported here suggest that while M.M., EMC, 
and Columbia-SK viruses instigate increased 
cold hemagglutinin production in rabbits, 
Mengo encephalomyelitis virus is without such 
effect. Further work is indicated using larger 
numbers of animals of more uniform age and 
genetic constitution. 


10. Dick, G. W. A., J. Immunol., 1949, v52, 375. 

11. Olitsky, P. K., and Yager, R. H., Proc. Soc. 
Exp. Biot. anD Mep., 1949, v71, 719. 

12. Schultz, E. W., personal communication, 
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Primary Isolation of Donovania granulomatis by Chick Brain Inoculation, 


and Induction of Cerebral Miliary Granulomata. 


Joun B. THomison, 


(18848) 


(Introduced by Roy C. Avery.) 


From the Department of Pathology, Vanderbilt University School of Medicine, Nashville, Tennessee. 


D. granulomatis was cultivated by Ander- 
son(1) in the yolk sac of developing chick 
embryos. The characteristic lesion of granu- 
loma inguinale has not been reproduced by 
this organism, although Greenblatt(2), by 
inoculation of a human volunteer with a yolk 
sac culture, produced a nodule which after 
60 days showed typical Donovan bodies. For 
yolk sac inoculation, an inoculum free of 
contaminants must be obtained. This may be 
accomplished by fragmenting the tissue and 
incubating it on solid media(1), using for 
inoculation the fragments which are found to 
_ be uncontaminated, or, if possible, by render- 
ing contaminated material sterile by the use 
of antibiotics to which D. granulomatis is re- 
sistant. 

On the presumption that following direct 
inoculation of contaminated material contain- 
ing Donovan bodies into the brains of newly 
hatched chicks contaminants would not sur- 
vive, but that D. granulomatis might persist, 
the following experiments were undertaken. 

From each of 2 human cases of granuloma 
inguinale, a 0.5 g piece of granulation tissue, 
rich in Donovan bodies, was ground and sus- 
pended in 5 cc of sterile saline. Routine cul- 
tures, consisting of blood agar plates and thio- 
glycolate broth, showed the suspension to be 
grossly contaminated with Gram _ positive 
cocci, Gram negative rods, and diphtheroids. 
For each case a series of 6 one-day-old chicks 
were inoculated intracerebrally with .05 cc of 
the contaminated suspension. After 2 weeks, 
routine cultures of a brain from each series 
were sterile, although Donovan bodies per- 
sisted on smear. A .5 g piece of brain from a 
chick of each series was ground and suspended 
in 10 cc of sterile saline, and .5 cc quantities 
of this suspension were inoculated into the 


1. Anderson, K., Science, 1943, v97, 560. 

2. Greenblatt, R. B., Dienst, R. B,, Kupperman, 
H. S., and Reinstein, B. S., J. Ven. Dis. Information, 
USPH Service, 1947, v28, 183. 


yolk of a series of 12 five-day-old developing 
chick embryos. From each strain, growth of a 
small Gram-negative rod occurred which ex- 
hibited bipolar staining and morphological 
resemblance to D. granulomatis. The yolk 
sac cultures were passed successfully for 3 
and 8 generations respectively, and were dis- 
continued; no growth ever occurred on or- 
dinary media. 

The remaining 9 chicks in these series were 
sacrificed at from 14 to 24 weeks, and their 
brains were examined by smears and by his- 
tologic sections. In all of these, smears 
showed small numbers of organisms morpho- 
logically resembling D. granulomatis. In 2 
examined at 14 weeks, and in one examined 
at 17 weeks, miliary granulomata occurred in 
the cerebral hemispheres near the site of in- 
oculation. 

It was of interest to reproduce, if possible, 
these lesions with yolk sac cultures of D. gran- 
ulomatis. Accordingly, a series of chicks were 
inoculated intracerebrally, using .05 cc quan- 
tities of yolk sac cultures from each of the 2 
strains above, and also of a culture of a strain 
previously isolated by the method described 
by Anderson(1) from a third human case of 
granuloma inguinale. The brains of 29 chicks 
were studied by smears and by histologic sec- 
tions of formalin-fixed material at from 8 to 
36 weeks after inoculation. In 6 of these, at 
from 10 to 27 weeks, miliary granulomata 
occurred which were similar in all respects to 
those obtained after inoculation with fresh 
human material. Organisms morphologically 
resembling D. granulomatis persisted in 
smears for the full 36 weeks. From three 
brains so inoculated, at one, 5, and 10 weeks 
after inoculation, yolk sac cultures were made, 
yielding organisms morphologically resem- 
bling D. granulomatis. These were success- 
fully passed for one, 3, and 6 generations, re- 
spectively, before being discontinued. Routine 
cultures were always negative. 


558 


> 


A 
PRIMARY ISOLATION oF Donovania granulomatis 


FIG. 1. Section through cerebral hemisphere of chick showing miliary granulomata 17 weeks 
after inoculation with yolk culture of D. granulomatis. H & E stain. xX 90. 


FIG. 2. Section through cerebral hemisphere of chick showing miliary gra 
after inoculation with yolk culture of D. granulomatis. H & E stain. X 320. 


Gross lesions were never seen in any of the 
brains, and signs of central nervous system 
involvement were never observed. Organisms 
could not be demonstrated histologically in 
any of the granulomata. A control series of 
6 chicks were inoculated with sterile yolk, and 
no lesions were induced, nor were they in- 
duced in a series of 8 suckling mice inoculated 
intracerebrally with a yolk sac culture of 
D. granulomatis. 


2 


ee 


nulomate aly weeks 


/ 


Summary and conclusions. 1. D. granulo- 
matis was shown to persist for at least 9 
months in the chick brain, while contaminat- 
ing organisms rapidly died out. This finding — 
was utilized in the primary isolation of the or- 
ganism from contaminated material. 2. Mil- 
iary granulomata were induced in the brains 
of chicks by intracerebral inoculation of ma- 
terial containing D. granulomatis. 
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Induction of Cataracts in Mice by Slow Neutrons and X-rays.* 


(18849) 


K. W. CHRISTENBERRY AND J. FURTH. 
(With the technical assistance of J. J. Lane.) 


From the Biology Division, Oak Ridge National Laboratory, Oak Ridge, 


The causation of cataracts by large doses of 
X-rays(1,2), fast neutrons(2-5), and by radia- 
tion from nuclear explosion (“atomic bomb’’) 
(6) is known. It has been established that 

fast neutrons are more effective in inducing 
cataracts than X-rays(4), but nothing is 
known of cataract induction by slow. neutrons. 

In order to find out the relative efficiency of 
slow neutrons in producing cataracts, groups 
of mice of both sexes were placed in the ther- 
mal column of the Oak Ridge reactor for 80 
minutes (which is about the LD-50 dose), 
20, 5, and 2.5 minutes respectively. The slow 
neutron facilities at the Oak Ridge pile have 
been described and illustrated by Conger and 
Giles(7). Mice of the Rf strain were 8 to 
10 weeks of age at the time of exposure. 
Siblings received equivalent’ doses (on basis 

of LD-50) of 250 Kv of X-rays, or were un- 

treated. The onset and progression of lens 
opacities were studied by the slit lamp micro- 
scope. The degree of lens opacities was desig- 
nated + to +-+---+ as illustrated in Fig. 1. 
In order to exclude subjective factors, all ex- 
aminations here reported were made as un- 
knowns. Table I shows the number of mice 
examined and the degree of opacities observed 
in relation to time, dose, and kind of irradia- 
tion. Examinations on a much large number 
of animals, not done as unknowns, were in 
essential agreement with the results shown in 


* Work performed under Contract No. W-7405- 
eng-26 for the Atomic Energy Commission. 

1. Peter, L., Graefes Arch., 1930, v125, 428. 

2. Leinfelder, P. J. and Kerr, H. D., Am. J. Oph- 
thalmol., 1936, v19, 739. 

3. Abelson, P. H. and Kruger, P. G., Science, 1949, 
v110, 655. 

4, Evans, T. C., Radiology, 1948, v50, 811. 

5. Dollfus, M. A., Bull. Socs. Ophtal. France, No. 5, 
1950. 

6. Cogan, D. G., Martin, S. F., and Kimura, S. J., 
Science, 1949, v110, 654. 

7. Conger, A. D. and Giles, N. H:, Jr., Genetics, 
1950, v35, 397. 
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FIG. 1. Degree of opacities of the lens (used for 
tabulation in Table I). 


Table I. 

The earliest change noted consists of small 
dot-like opacities in the posterior polar region 
and in the subcapsular layer. They are clus- 
tered about the posterior lens suture and ap- 
pear as an inverted Y-shaped lesion. Further 
advance of the lesion consists of increased 
density of the initial opacities and formation 
of linear opacities radiating into the posterior 
cortex of lens. In animals exposed to large 
doses these radiating opacities thicken to form 
a sunburst pattern extending into the equator 
of lens and thence around in to the anterior 
cortical region. Concomitantly, there is the 
development of anterior polar opacity and an- 
terior subcapsular radiations of a lesser ex- 
tent than the posterior lesions. The nucleus 
is spared until the cortical changes are far 
advanced. Advanced lesions with near total 
opacity of the lens are noted only in mice of 
the 80-minute exposure group and only one 
year after exposure. 

In old normal mice cataracts of the type 
seen in irradiated mice were not observed. 
There were, however, senile changes consisting 
of condensation of the lens nucleus, consolida- 
tion of the lens capsule, and accentuation of 
the lens suture. These are not noted in mice 
examined 1 to 6 months after irradiation, are 
slight in the 7 to 10 months group, but are 
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Cataract INDUCTION BY SLow NEUTRONS 


TABLE I. Incidence of Opacities of Lens of Mice Exposed to Slow Neutrons and X Rays. 


Months Degree , Duration of exposure (min) - 
after of Xt 2.5 K5 X 20 xX 80 
exposure cataract. 0 N*2.5 (l16r) N5 (32r) N10 N20 (128r) N80 (512r) 

6-10 0 37 2 fal 4 1 
ae 9 9 5 il 6 3 
1+ 2 5 1 14 6 21 16 2 (4 
2-+ 1 6 20 12 
3+ 2 ul 
14-15 0 11 1 3 
as 5 “) 1 Bi 1 
1+ 7 8 7 z N1 2 1 
2+ oe 6 6 3 3 
3+ 3 4 
16-19 0 5 3 
Bi 7 2 
1+ i 4 3 2 
2+ 3 2 3 3 
3+ 2 1 5 2 


* N = exposure at a slow neutron flux of .9 x 109 per cm2 per sec with an estimated 4 to 
8 r of high energy gamma per min [Conger and Giles(7), Stapleton(8), and Darden and 


Sheppard (9) ]. 


+ X= exposure to X rays at a rate of 6.4 r per min. The factors of irradiation were 250 
kyp; 12.5 ma; 3.5 mm Cu; TSD 93.7 cm; rate 6.4 r/min. 


consistently present in mice of the 11 to 14 
months group. Their presence obscures the 
opacities induced by slight radiation in mice 
exposed for 2.5 and 5 minutes. When mice 
of the 2.5 and 5 minute groups reach about 
14 months of age the lesions in their lenses 
cannot be distinguished from those of normal 
mice of comparable ages because of the 
marked senile changes occurring concurrently. 

The data here presented indicate that slow 
neutrons induce lens opacities sooner and in a 
higher per cent of mice and in smaller doses 
(on basis of LD-50) than equivalent quanti- 
ties of X-rays. This difference between the 
effects of neutrons and X-rays was not evident 
in: (a) area of lens affected, (b) acute de- 
pression of hemopoietic organs, (c) recovery 
period of erythrogenesis as indicated by retic- 
ulocyte counts, (d) weight change after ir- 
radiation. In considering the slow neutron/ 
X-ray efficiency ratio the very heavy gamma 
ray contamination of our slow neutron facility 
has to be taken into consideration. 


It is now generally believed that the dose of 
X-rays necessary to induce cataracts is large 


8. Stapleton, G. E., Personal communication. 
9. Darden, E. B., Jr., and Sheppard, C. W., Per- 
sonal communication. 


and that men exposed to even as high a dose 
as LD-50 may remain free from cataracts. 
The studies of Evans(4) have already sug- 
gested that mice are much more susceptible 
to cataracts than man and the present study 
indicates that the threshold dose inducing lens 
opacities in mice is very small, below that re- 
quired to induce other chronic changes such 
as leukemia. 

Summary and conclusions. ‘The lens of the 
mouse is extremely sensitive to the induction — 
of opacities by both X-rays and slow neu- | 
trons. As small a dose as 32 r of total body 
X-rays causes a slight increase in the per cent — 
of mice developing opacities of the lens. With 
larger doses the cataract induction rate ap- 
proaches 100%, the lesions are more severe, 
and the latency period is shorter. The mor- 
phological features of the radiation and senile 
cataracts of mice are described. The cataracts 
develop in the immature part of the lens 
(cortex), while the more mature part of it | 
(nucleus) is spared. Slow neutrons are, on 
basis of LD-50, at least twice as effective in 
inducing cataracts as X-rays. 


We acknowledge with thanks the constructive 


guidance of Dr. J. J. Friedenwald. 
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From the Departments of Medicine and Biochemistry, Medical College of Alabama, Birmingham, Ala. 


Numerous investigations in recent years 
have indicated that a relationship exists be- 
tween the sodium ion and certain hypertensive 
states(1-4). Beneficial effects of a rice diet 
‘in hypertension are thought to be due, at least 
in part, to a decreased sodium intake(5-7). 
The effectiveness of sodium restriction in some 
types of hypertensive cardiovascular disease, 
while without effect in others, points to a re- 

lationship between this cation and the hyper- 
tensive syndrome(2,8,9). Selye(2) has shown 
conclusively that the sodium ion is necessary 
_ for the production of experimental hyperten- 
sion with desoxycorticosterone administration. 
Likewise, Tobian(4) has shown that this elec- 
trolyte is essential to the production of hyper- 
tension in certain experimental conditions. 
Grollman(10) has found an elevated sodium 
content in various viscera of animals made 
hypertensive for experimental purposes. Still 
later, Tobian(11) showed that the sodium 
content was elevated in the renal artery of 
hypertensive patients. There have been rela- 
tively few reports on the concentration of so- 
dium ion in the serum of hypertensive sub- 


* This work was made possible by a grant from 
Irwin, Neisler, Decatur, Ill. 
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P nd 


jects. Kylin and Elmquist(12) have reported 
a small series of serum sodium values obtained 
in hypertensive patients, all of which showed 
a small but definite elevation from the ac- 
cepted normal values. 

Recently the development of the flame 
photometer has brought about a simpler pro- 
cedure for the determination of the sodium 
concentration in the serum. This method was 
used to determine serum sodium values in 75 
of our hypertensive patients. The purpose of 
this paper is to present these findings, together 
with a correlation with those of a normoten- 
Sive series. 

Subjects studied. The outpatient depart- 
ment of the Jefferson-Hillman Hospital of- 
fered the source of the patients studied. In 
this clinic the admissions are made up of 
Negroes and whites in a ratio of 3 to 1. Sixty- 
four Negro (24 were female) and 11 white 
patients from the Hypertensive Clinic, who 
had a diastolic blood pressure reading of 100 
mm of mercury or above, were examined. 
None of these patients presented any symp- 
toms or findings of congestive failure. The 
ages ranged from 35 years to over 70 years of 
age, but the majority were between 40 and 55 
years. In these patients the diagnosis of es- 
sential hypertension was arrived at merely on 
the basis of exclusion of known causes of 
hypertension, such as pyelonephritis or other 
primary renal diseases. These patients had 
been observed over a period of several years 
before the diagnosis of essential hypertension 
was substantiated. No cases of so-called hor- 
monal hypertension as described by Schroeder 
were examined. ‘Therapy had been discon- 
tinued at least 30 days before tests were made. 
For comparison we used a normotensive series 
of patients that besides being composed of 
apparently healthy individuals, were known 
to have normal blood pressures, and were 


12. Kylin, Eskil and Elmquist, Hilding, Acta Med. 
Scand., 1936, v88, 507. 
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1. Frequency distribution curve of serum sodium values in hypertensives as compared to 


those of normotensive individuals. 


otherwise comparable in both sex, race, and 
age. This normal study was carried out con- 
currently with’ the studies on hypertensive 
patients. 

Technic. Blood samples were obtained 
from nonfasting patients routinely on admis- 
sion to the clinic and the serum immediately 
separated. The flame photometric technic 
used throughout the study was essentially that 
described by Mosher ef al.(13). Samples 
were analyzed in duplicate and the average 
value of these readings was taken as the cor- 
rect value. In a series of studies of experi- 
mental error it was found that serum sodium 


13. Wincor R. E, Boyls, Av Jy, Bird, + Be Js 
Jacobson, S. D., Batchelor, T. M., Iseri, L. T., and 
Myers, G. B., Am. J. Clin. Path., 1949, v19, 461. 


can be determined consistently with less than 
1% error. The normotensive frequency dis- 
tribution curve(14), illustrated in Fig. 1, is ” 
based on 400 determinations of serum sodium 
values in 400 different, apparently normal in- 
dividuals. The technic described above was | 
used. In order to have a basis for comparison 
with the 75 hypertensive subjects, the number © 
of subjects in each distribution group of the © 
normotensives was multiplied by 75/400 giy- 
ing the values plotted in Fig. 1. 

Results. The mean value for “normal” — 
serum sodium, as determined by this work, 
was 144.8 mEq) 1. The mean value found in 


14. Elliott, Howard C., Jr., and Hclley, Howard © 
L., Abstract, Fed. Proc., 1951, v10, 1, 180; accepted 
for publication by the Am. J. Clin. Path. 


NONIDENTITY OF APOERYTHEIN ACTIVITIES 


75 hypertensive patients was 147.3 mEq/1, 
an increase of 2.5 mEq. A statistical analysis 
based on 400 normotensive determinations 
and 75 hypertensive determinations using 
Fisher’s “‘t” test(15) showed the difference 
_ between the means to be significant. The 
value of ‘“t” was 6.16 and that of “P” was 
less than .01. The standard deviation in the 
400 normal determinations was 3.81 mEq/1, 
_and the standard error 0.19 mEq/1. In the 
| 75 hypertensive patients the standard devia- 
tion was 4.07 mEq/1, and the standard error 
was 0.45 mEq/1. In the frequency distribu- 
tion curves shown in Fig. 1 it is obvious that 
there is a tendency toward an increase in the 
sodium values present in the serum of hyper- 
tensive individuals. Forty-three per cent of 
“normal” values fall to the right of the normal 
mean on the curve, while 66% of the hyper- 
tensive values fall in these same limits. 
Twenty-four of the patients were recalled 
for further examination two months after the 
initial values were obtained. This was thought 
necessary in order to determine the constancy 
of the values previously found. Ninety-two 
per cent of the values checked were within 
plus or minus 0.5%. We believe that these 
deviations were within the range of technical 
error. 


15. Fisher, Ronald, A., Statistical methods for re- 
search workers, 8th edition, Edinburgh, Oliver, 1941. 
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Discussion. The results obtained would 
seem to indicate that there is a tendency to- 
ward an elevation in the serum sodium con- 
centration of hypertensive patients. Surpris- 
ingly enough, statistically this elevation was 
found to be very significant. These data in- 
dicate a wide overlap between the serum 
sodium values found in normotensive and hy- 
pertensive patients, with a definite trend for a 
large group of the hypertensives to have a 
value in the upper normal range. One might 
be tempted to conclude that this finding sup- 
ports the concept of adrenal participation in 
the production of the hypertensive syndrome, 
and that this might offer a basis for sodium 
restriction therapy in this disease. However, 
until the significance of these findings is more 
clearly understood, it may perhaps be better 
to avoid any conclusion concerning these find- 
ings as to their therapeutic or etiologic con- 
cepts. 

Summary and conclusions. A series of 
serum sodium determinations made on uncom- 
plicated hypertensive patients has been pre- 
sented. The range and average serum sodium 
values in these patients were found to be 
slightly above those found in a concomitant 
series of 400 normotensive subjects. We have 
intentionally avoided any conclusions at this 
time as to the significance of these findings. 
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Houston, Texas. 


Previous papers in this series have reported 
the normal variations which occur in salivary 
apoerythein (intrinsic factor) levels(1) and 
_ demonstrated the unique manner in which 
_ heating affects salivary apoerythein activity 


1. Beerstecher, E., Jr., and Altgelt, S., J. Biol. 
Chem., 1951, v189, 31. 


(2,3). The heating of saliva at 70°C for 15 
seconds results in a complete loss of apoery- 
thein activity, but heating below 65°C or at 
75°C-100°C results in no diminution of activ- 


2. Beerstecher, E., Jr., Fed. Proc., 1951, v10, 161. 
3. Beerstecher, E. Jr., and Edmonds, E. J., 
Science, in press. 
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NONIDENTITY OF APOERYTHEIN ACTIVITIES 


TABLE I. Comparison of Thermal Stabilities of Apoerythein Activity of Saliva, Gastric Juice, 
and Gastric Mucosal Extract. 


% bacterial growth* 
Milliunits apoerythein/5 ml medium 
0.4 6 


Sample Temp., °C 0.2 0.8 

Human saliva Untreated | 100 25 20 0 

70° 100 110 120 140 

90° 100 75 40 0 

»? gastric juice Untreated 100 35 25 0 

70° 100 160 180 220 

90° 100 “160 210 225 

Dog oi a7 Untreated 106 90 55 0 

70° 100 105 120 125 

90° 100 100 125 140 

Dog >? mucosa Untreated 100 15 0 0 
70° 100 60 15 

90° 100 90 30 0 

Hog ag ao Untreated 100 85 35 0 

70° 100 85 45 0 

90° 100 85 65 0 


*0—no growth; 100 = growth of bacteria in absence of apoerythein. 


ity. Samples inactivated at 70°C cannot be 
reactivated by subsequent heating at higher 
temperatures, but samples heated above 75°C 
become immune to destruction at 70°C. 
Thermal studies with apoerythein from gastric 
juice and gastric mucosa now show that the 
activity differs from that in saliva. 


Experimental. The apoerythein assay 
method was that described by Ternberg and 
Eakin(4) in which activity is indicated by 
the inhibition of the growth of Escherichia 
coli. Samples of human saliva and gastric 
juice, dog gastric juice and gastric mucosal 
extract, and hog gastric mucosal extract were 
diluted to contain approximately one milli- 
unit of apoerythein per ml and immersed in 
a water bath until the desired temperature was 
reached. They were held at this temperature 
for 5 minutes, then cooled. Different aliquots 
of each sample were then assayed, and the re- 
sults reported in terms of the percentage of 
bacterial growth obtained in the absence of 
apoerythein. Results are reported in Table I. 
A greater variety of temperatures was studied 
than is shown, but the effects are adequately 
represented by the data given for room tem- 
perature materials and those heated at 70°C 
and 90°C. 


The data indicate clearly that the apoery- 


4. Ternberg, J. L., and Eakin, R. E., J. Am. Chem. 
Soc., 1951, v71, 3858. 


thein activity in each of the 3 sources studied 
has a different thermal behavior. Gastric 
juice activity disappears when the sample is 
heated to 70°C or higher while mucosal ex- 
tract activity is only slightly decreased at 
70°C or higher. Mucosal activity thus resem- 
bles that of saliva which has been heated to 
90°C in its ability to withstand heating at 
WOOK. 

Discussion. Three possibilities present 
themselves in explanation of the data pre- 
sented in this and earlier publications(2,3). 
The apoerythein molecule may undergo true 
variations in its configuration and activity 
upon exposure to various higher temperatures. 
It is also possible that at 70°C a substance is 


formed from salivary apoerythein which is | 
capable of neutralizing its normal inhibitory / 


effect in the assay. Also, some entirely for- 


eign factor in the saliva may be activated | 


sharply at 70°C to inactivate apoerythein, 
and this substance may be inactivated at 
higher temperatures. Attempts to exclude 


some of these possibilities have to date been © 


unsuccessful in that highly suggestive evi- 


dence has been found to support each pos- | 


sibility. 

Summary. Salivary apoerythein activity is 
destroyed at 70°C, but not at higher tempera- 
tures up to 100°C; gastric juice apoerythein 


activity is destroyed at 70°C and at higher | 


temperatures up to 100°C; but gastric mu- 


I SQ Hp Ps en nae - 
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cosal activity 7s not destroyed appreciably at 
any temperature up to 100°C. 
The authors are grateful to the Lilly Research 


Laboratories for a generous supply of ground desic- 
cated hog gastric mucosa; and to Mrs. Suzanne 
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Beerstecher for supplying numerous samples of 
human gastric juice from both healthy and patho- 
logical individuals. 
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Action of Amino Acids on Bacterial Dehydrogenases and Glycolysis. (18852) 


Martin Forses* anp M. G. SEvAG. 
From the Department of Microbiology, School of Medicine, University of Pennsylvania. 


In a previous communication(1) it was 
shown that in a system containing washed 
resting Micrococcus pyogenes var. aureus and 
glucose the reduction of triphenyltetrazolium 
was greatly accelerated by nitrogenous sub- 
stances. Effects of amino acids on biological 
systems have been variously reported. Amino 
acids were found to increase markedly the 
motility, fertilizing power and agglutination 
ability of starfish sperm(2), greatly to extend 
the functional life span of sea urchin sperma- 
tozoa(3) and under anaerobic conditions to 
induce motility in these spermatozoa which 
are otherwise quickly immobilized by lack of 
oxygen(4). In these studies no amino acid 
utilization was reported to occur. 

The effect of amino acids observed under 
our conditions was subjected to quantitative 
analysis to characterize the underlying 
mechanism. 

Materials and methods... Micrococcus pyo- 
genes var. aureus strain 1A was carried on ex- 
tract agar slants kept at 4°C. The cells 
washed from a slant which had been incu- 
bated at 37°C for 20 hours were used as 
source of inoculum. A casein hydrolyzate 
medium containing added glucose (0.5%), 
tryptophan (20 pg/ml), thiamin (1 »g/ml), 
and nicotinamide (1 pg/ml) was inoculated 


* Abbott Research Fellow. 

1. Sevag, M. G. and Forbes, M., Arch. Biochem.., 
1950, v29, 229. 

2. Metz, C. B. and Donovan, J. E., Science, 1950, 

Byat2, 755. 

3. Tyler, A., Biol. Bull., 1950, v99, 324. 

4. Tyler, A. and Rothschild, Lord, Proc. Soc. 
Exp. Brot. anp Mep., 1951, v76, 52. 


with 250,000 cells/ml, and when growth had 
reached the middle of ‘the log phase, the cells 
were collected and washed twice with 0.066 
M phosphate buffer (pH 7.0). The amount 
of cells used in the reaction systems was de- 
termined by comparing the turbidity of the 
systems with a previously calibrated curve re- 
lating turbidimetric readings (filter 56) and 
the dry weight of cells. The glucose content 
of the samples removed from the reaction sys- 
tems at the start and at the end of the experi- 
ment was determined by the method of Folin 
and Wu(5). Under the conditions of the ex- 
periment triphenyltetrazolium, formazan and 
amino acids did not interfere with these deter- 
minations. Lactate was determined by the 
method of Barker and Summerson(6). The 
copper-lime treatment removed glucose, tetra- 
zolium, histidine and alanine so that these 
substances did not interfere with the deter- 
minations, The red formazan formed by the 
reduction of triphenyltetrazolium chloride was 
measured by the use of the method described 
by Kun and Abood(7). Acetone (7 ml) was 
added to a 4 ml sample, the mixture shaken, 
centrifuged, and the supernate read on the 
Klett-Summerson colorimeter (filter 42). 
The quantity of formazan was determined by 
reference to a standard curve relating known 
concentrations of tetrazolium which had been 
reduced with a few crystals of sodium hydro- 


5. Folin, O. and Wu, H., J. Biol. Chem., 1920, v41, 
367. 

6. Barker, J. B. and Summerson, W. H., J. Biol. 
Chem., 1941, v138, 535. 

7. Kun, E. and Abood, L. G., Science, 1949, v109, 
144. 
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TABLE I. Effect of Various Compounds on the Reduction of Tetrazolium by Micrococcus 
Pyogenes var. Aureus. 


Colorimetric Colorimetric 

Systems (1A) * reading t Systems (1B)* reading t 
No addition 11 Glycine 165 
Glycine 90 Pyruvate 21 
Ethylamine 65 ¢-0xo-glutarate 20 
Sarcosine 50 Acetate 22 
Betaine 53 Benzoic acid 18 
Choline 24 Salicylate 24 
PABA 33 Ue eS 

Ammonium chloride. 35 7 Cells + glycine + TTZ 0 


* (1A and 1B). Each system consisted of 6 ml volume. Each ml contained 30 yg cells, 
500 ug glucose, 100 pg tetrazolium dissolved in 0.067 M phosphate buffer (pH 7.05). Concen- 
tration of substances added in Systems (1A) was 0.0025 M; in (1B) 0.005 M. 

+ Colorimetric readings (filter 54) indicate increment in red color due to formazan forma- 
tion after ineubation of 120 min at 37°C. Readings corrected for zero hr readings, 


TABLE II. Effect of Amino Acids and Tetrazolium on Glycolysis by Micrococcus Pyogenes var. Aureus. 


pMol of uMol of uMol of 
glucose lactate Molar ratio formazan 
Systems* utilized formed glucose/lactate formed 
1, Cells + glucose 55 abit 3.2 — 
Bie Pe el hast dates 55 27 2 — 
SSK Wal pea ae Bees ee A, 13 alta 1.2 005 
CO Ae aaa nS + histidine + TTZ 383 16 2 sale 
Sel Geom re hee 90 1.13 78 —_— 
O57 29) 220 FOS a= histidine 90 1.35 .66 _ 
eC AAMT ee maa UNS ARYA 90 1.07 84 18 
Bo), 2? EE histidine ==) itz 90 1.13 78 18 
Oyen?) histidine t 7 — — = 0 
10. Heat killed cells + glucose + histi- 0 0) -- 0 
dine -++ TTZ 


* Hach ml of the 30 ml system contained 40 wg (Systems 1-4) and 80 wg (Systems 5-10) cells, 2.77 
uMols glucose, 0.32 yMols histidine, and 0.29 pMols of TTZ, as indicated, which were dissolved in 30 ml 
of 0.066 M phosphate buffer (pH 7.05). At start of experiment 15 ml were removed and inactivated by 
heating in boiling water, the remaining 15 ml were incubated for 3 hr at 37°C in 50 ml centrifuge tubes, 
then similarly inactivated. The pH measured in Beckman pH meter remained constant. Formazan was }| 
determined by the method of Kun and Abood(7). 

t Methionine and alanine gave similar results. Chemical analysis for histidine showed that, if any, | 
<1 pg/ml was utilized in the 3 hr experiment. Microbiological determination for methionine showed — 


that, if any, <1 ug/ml methionine was metabolized. 


sulfite and the colorimetric readings of their 
acetone supernate. A more sensitive method 
used by us consisted in reading the red color 
due to formazan formation directly in the 
reaction system. This method permitted us 
to follow on a comparative basis the effect of 
various factors on the progress of the reduc- 
tion of tetrazolium in a constant volume. It 
could be used when the amount of cells (10 to 
40 »g/ml) used in the experiment was small 
and remained in a homogeneous suspension 
throughout the experiment. Histidine was 
determined by the modification of the method 
of MacPherson(8) as described by Straughn 


8. MacPherson, H. T., Biochem. J., 1942, v36, 59. 


and Sevag(9). This method permitted the de-— 
termination of 1 pg of histidine, but did not 

allow differentiation between histidine, hista- 
mine and the keto derivative of histidine. | 
Methionine was determined microbiologically 
in usual salt-glucose medium by means of an. 
E. coli mutant kindly furnished by Dr. J. S. 
Gots of this department. This method per- 
mitted the detection of 1 yg of the amino acid. 
Anaerobic experiments were performed in 
Thunberg tubes which fitted into the Klett- 
Summerson colorimeter. The tubes attached | 
to a manifold were evacuated to a residual 


9. Straughn, W. R. and Sevag, M. G., Proc. Soc. 
Exp. Brot. AND Mep., 1949, v71, 360. 
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pressure of 10-15 mm Hg by means of a high 
vacuum pump, equilibrated in the water bath 
at 37°C for 5 minutes, after which the con- 
tent of the side arm was mixed and colori- 


metric readings made periodically. 


The results of the single experiments pre- 
sented are representative of a series of ex- 
periments the results of which were closely 
similar. All determinations were carried out 


in triplicate. 


Results. Amino acids while unable to serve 
as substrates for the reduction of tetrazolium 
by resting cells of Micrococcus pyogenes var. 
aureus are the most effective of the compounds 
tested (Table I) in accelerating the reduction 
when added to the reaction system in com- 
bination with glucose. 


Due to a greater reaction rate, the effect of 
the amino acid on the amount of lactic acid 
formed is masked when a larger amount of 
cells is usedt (Table II, compare systems 1 
and 2 and 5and 6). This is indicated by the 
fact that the accelerative effect of amino acids 
on the reduction of tetrazolium in such sys- 
tems can only be shown during a very early 
phase of reaction (compare systems 3 and 4 
with 7 and 8, Table II). With smaller con- 
centrations of cells the presence of the amino 
acid can be shown to cause 50% more lactate 


formation (in other experiments not reported 


here as high as 300% more lactate production 
was observed) and to cause the reduction of 
20 times more tetrazolium than in the absence 
of the amino acid (Table II, systems 1 and 2, 
3 and 4). 

The rate of reduction and the amount of 
formazan formed may appear to be propor- 
tional to the concentration of the amino acid 
added (Fig. 1); the relationship, however, is 
not a stoichiometrical one. The quantity of 
amino acid utilized, if any, must be less than 
1 »g/ml (0.0064 pm histidine) and since the 


+Since in Warburg set-up satisfactory measure- 
ments of gas exchange require at least from 500 to 
1,000 ug cells/ml, its use for the study of the re- 
ported effect of amino acids could not be adapted. 
In contrast, the use of tetrazolium in place of 
exygen as hydrogen acceptor permitted the measure- 
ment of dehydrogenase activity of as little as 20 to 
40 yg cells/ml. ; 
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FIG. 1. Reaction systems in Klett tubes consisting 
of 8 ml volume. Each ml contained 40 ug cells, 500 
ug glucose, 100 wg of tetrazolium, histidine.HCl 
as indicated dissolved in 0.067 M phosphate buffer 
(pH 7.30) and ineubated at 37°. The colorimetric 
readings (filter 54) represent increment in red for- 
mazan formation and are corrected for the small 
zero hr readings. 


quantity of tetrazolium reduced is in the order 
of 40 pg/ml (0.11 pm) (Table II, systems 3 
and 4) the action of the amino acid might be 
catalytic in nature. No disappearance of his- 
tidine could be demonstrated. The method 
was shown to permit the detection of the dis- 
appearance of 1 ug of histidine from a system 
of 6 ml containing 10 pg of histidine. Also 
in microbiological assay using a methionine- 
less £. coli mutant, we failed to demonstrate 
any disappearance of methionine from the 
medium during the reaction. Control experi- 
ments showed that this method would detect 
the removal of as little as 1 »g of methionine 
per ml. The fact that oxidation products of 
the amino acids, the keto acids, and the am- 
monium ion have only a slight effect (Table 
I) and the variety of nitrogenous substances 
(e.g., sulfathiazole, ethylamine, etc.) causing 
some degree of acceleration of the reduction 
of tetrazolium, tends to eliminate utilization 
as a mechanism for the observed effects of 
amino acids. 

Tetrazolium chloride acting as an unnatural 
hydrogen acceptor inhibits glucose metabol- 
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FIG. 2. Anaerobic systems in Thunberg tubes consisted of 6 ml volume. Hach ml contained 


20 wg of ceils, 500 yg sulfathiazole (where added) in the main compartment, and 500 pg glu- 
cose, 100 pg tetrazolium, 100 yg histidine. HCl (where added) in the side arm dissolved in 
0.067 M phosphate buffer (pH 7.30). The tubes were evacuated to a residual pressure of from 
10-15 mm Hg, equilibrated for 5 min at 37°, after which the contents of the side arm were 
mixed and periodical readings taken in the colorimeter using filter 54. Aerobie systems in 50 ml 
centrifuge tubes consisted of 6 ml volume. Hach ml contained 40 yg of cells, and was otherwise 
identical with the systems used in the anaerobic experiments. To insure good aerobic conditions 
the mixtures were periodically pipetted into Klett tubes, at which times the color increment was 
read on the colorimeter, No formazan was formed aerobically or anaerobically in systems con- 
taining only cells, histidine and tetrazolium. 


ism (Table II, systems 1 and 3); this inhibi- 
tion is not apparent when larger concentra- 
tions of cells are used. The specific effect of 
the amino acids is partially to relieve the in- 
hibition of the oxidative enzymes involved in 
the metabolism of glucose (Table II, systems 
3 and 4). 

Inhibition of the reduction of tetrazolium. 
Comparison of parallel aerobic and anaerobic 
systems show that oxygen is probably compet- 
ing with tetrazolium as a hydrogen acceptor 
indicated by the inhibition of the reduction of 
tetrazolium by resting cells in the presence of 
glucose (Fig. 2). Sulfathiazole slightly ac- 
celerates the reduction of tetrazolium when 

_ glucose alone is a substrate. The acceleration 
by amino acids of the reduction of tetrazolium 
aerobically or anaerobically is however inhib- 
ited by sulfathiazole, showing that the drug 
interferes with the effect of the amino acids 
on dehydrogenases.+ 

Discussion. Flavoprotein enzymes have 
been reported to be the site of reduction of 


tetrazolium(10-12). In view of the striking 
effect of the amino acid on the reduction of | 
tetrazolium, and lactic acid production from 
glucose, it would seem reasonable to assume | 
that this action of amino acids is related to © 
their interaction with flavoproteins. This view | 
is corroborated by the partial relief by amino | 
acids of the inhibition of glucose consumption / 
by tetrazolium. Similarly, the gradual de- 
crease in the sulfathiazole inhibition of the 
amino acid accelerated reduction of tetra- | 
zolium can be explained by a gradual dis- 
placement by amino acids of the drug from 
its site of action on flavoprotein. The inhib- | 


} The inhibitory effect of «-oxo-glutaric acid re-| 
ported previously(1) was due to inadequate neu- | 
tralization of compound and consequential lowering 
of pH of medium. 

10. Bielig, H. J., Kausche, G. I. and Haardick, H., 
Z. Naturforsch., 1949, v46, 80. 

11. Kuhn, R., personal communication. | 

12. Brodie, A. F. and Gots, Ps S:, Sorence, 1951) 
v114, 40. 


PROTEIN DEPLETION ENHANCES ETHIONINE DAMAGE 569 


itory action of sulfonamides on flavoprotein 
has been abundantly reported(13). 

The results of the parallel aerobic and an- 
aerobic experiments ‘therefore show that oxy- 
gen, tetrazolium and amino acids, and tetra- 
zolium, sulfathiazole and pyruvate compete 
for the same enzyme site.$ 

In the absence of evidence showing utiliza- 
tion of the amino acids, the observed effects 
of these substances appear to be contingent 
‘upon the inhibition of reactions competing 
for the available hydrogen. As to the nature 
of these competing reactions it is of interest 
to note that Meyerhof and Schulz(14) found 

that only upon addition of certain nitrogenous 
substances (certain amino acids, amines or 
ammonium sulfate) to fermentation mixtures 
did yeast completely convert hexoses to COs, 
because under these conditions assimilation of 


13. Sevag, M. G.; Gots, J. S., and Steers, E., 
The Enzymes, Vol. 1, New York, Academic Press, 
1950, pp115-186. 

§ The alternative postulate that the amino acid 
acts by lowering the oxidation-reduction poten- 
tial of the medium to a level more favorable for 
tetrazolium reduction does not appear to find sup- 
port in the fact that all the amino acids and other 
nitrogenous substances tested are active in low con- 
centrations and under strictly aerobic and anaerobic 
conditions under which O/R potentials would widely 
vary. 

14. Meyerhof, O. and Schulz, W., Biochem. Z., 
1936, v287, 206. 


sugar was restricted. In the absence of added 
nitrogenous substances only 75 to 80% of the 
theoretical yield of CO. was obtained. 


Summary. Amino acids, aerobically and 
anaerobically, cause an acceleration of the 
reduction of tetrazolium by Micrococcus pyo- 
genes var. aureus in the presence of glucose, 
and can be shown to shift glucose metabolism 
towards increased lactate production. This 
effect of amino acids appears to be related to 
the inhibition of normally occurring reactions 
resulting in an increased availability of hydro- 
gen for the reduction of tetrazolium or pyru- 
vate. 


Oxygen inhibits the reduction of tetra- 
zolium in the absence of added amino acids, 
while sulfathiazole inhibits the amino acid 
accelerated reduction of tetrazolium. Since 
flavoprotein is reported to mediate tetrazolium 
reduction and to be susceptible to inhibition 
by sulfathiazole, the accelerative effect of 
amino acids on the reduction of tetrazolium 
could be related to an interaction of the amino 
acids with the flavoprotein enzyme. Com- 
petition for this enzyme site between tetra- 
zolium, oxygen and pyruvate, modified by the 
presence of amino acids and sulfathiazole is 
suggested as an explanation consistent with 
the observed accelerations and inhibitions of 
the reduction of tetrazolium. 


Received May 3, 1951. P.S.E.B.M., 1951, v77. 


Protein Depletion Enhances Pancreatic Damage Caused by Ethionine. 


(18853) 


M. WACHSTEIN AND E. MEISEL. 
From the Laboratories of St. Catherine’s Hospital, New York City. 


Destruction of pancreatic tissue by the ad- 
ministration of ethionine in the rat has been 
recently reported by Farber and Popper (1) 
and by Goldberg, Chaikoff, and Dodge(2). 


1. Farber, E. and Popper, H., Proc. Soc. Exp. 
Bror. anp Mep., 1950, v74, 838. 

2. Goldberg, R. C., Chaikoff, I. L:, and Dodge, 
A. H., Proc. Soc. Exp. Bror. anp Mep., 1950, v74, 
869. 


\a 


In an attempt to reproduce the results of these 
investigators pancreatic damage was found to 
be slight and seen only irregularly in rats on 
a complete diet. It is the purpose of this com- 
munication to describe a procedure by which 
pancreatic damage can be regularly produced 
by simply putting the rats on a protein deple- 
tion regime prior to the administration of the 
drug. 
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FIG. 1. Photomicrograph of pancreas. 


pe 
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Hematoxylin-eosin stain < 250. Rat was kept for 12 


days on the protein depletion diet prior to ethionine administration; sacrificed 6 days later. 
There is extensive replacement by proliferating fibrous tissue present. Only few acini are pre- 
served. Small ducts show dilated lumina. 


Experiments and results. Young male al- 
bino rats of the Wistar strain were used. Of 
11 rats, on a complete Rockland diet, weigh- 
ing between 120 and 250 g, 8 received 1 mg 
of ethionine (q-amino-y-ethylthiolbutyric 
acid) (Nutritional Biochemical Corporation, 
Cleveland, Ohio) per g body weight given in 
3 divided doses intraperitoneally after a fast 
of 16 hours as suggested by Farber and Pop- 
per(1). In 3 animals this procedure was re- 
peated on 3 consecutive days and the rats 
were killed 3 to 5 days later. In all instances 
there was infiltration of the peri-pancreatic 
fat tissue by mononuclear cells and occasional 
polymorphonuclear leucocytes. Degenera- 
tive changes within the pancreas, however, 
were either entirely absent, or only of mod- 
erate degree often restrictd to focal isolated 
areas. It was considered possible that 
thorough protein depletion prior to the ad- 
ministration of the drug might lead to more 
consistent results. Rats were therefore put 
on a protein depletion diet consisting of 77.6 
parts corn starch, 15 parts hydrogenated cot- 
ton seed oil (Crisco), 4 parts salt mixture 
No. 2 U.S.P. XII, 4 parts Ruffex, and 0.4 
parts Brewers yeast powder. In addition the 
animals received twice weekly one drop of 
cod liver oil. Within 10 to 14 days these rats 
lost an average of 22% of their initial body 


weight. In all experiments 1 mg of ethionine A 
per g body weight was given in the same man- — 


ner as previously mentioned, however, without 
preceding fast. Altogether 56 rats weighing 
between 140 and 215 g were used of which 3 


died within 72 hours following the adminis- 1 


tration of ethionine. 


It was found in preliminary experiments — 


that the rats had to be kept on the protein 
deficient diet for a minimum period of 5 days 
in order to increase the pancreas damaging 
action of the drug. Thirty-three rats were 


therefore given the protein depletion diet for | 


a period of 7 to 19 days and killed 1 to 7 
days later. 


The microscopic appearance of the damaged | 


pancreas was essentially similar to that de- 


scribed by Farber and Popper(1), and Gold- — 


berg, Chaikoff, and Dodge(2). After’ 24 


hours there was loss of basophilia and marked | 


swelling of the cytoplasm. In the subsequent 
days there was prominent vacuolization of the 


cytoplasm while coagulation necrosis was only — 
Nuclei | 
were little changed. Infiltration by polymor- — 
phonuclear leucocytes, eosinophiles and lym- | 
phocytic elements became pronounced on the | 
third day. There was considerable prolifera- — 
tion of fibroblasts commencing on the third to — 
fourth day. Strands of proliferating fibro- |f 


occasionally noticed in our material. 
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FIG. 2. Photomicrograph of pancreas. Hematoxylin-eosin stain X 250. 


Rat was sacrificed 


after 17 days on the protein depletion diet. 'There is focal depletion of zymogen granules present. 


blasts separated remaining pancreatic acini. 
These acini showed basophilia of the cyto- 
plasm but very few zymogen granules. 
Langerhans islands remained intact but pan- 
creatic ducts were often dilated. While in 
some instances the changes were only focal, 
in most they were diffuse and were estimated 
to involve up to 34 of the acinar tissue on 
representative sections (see Fig. 1). In sec- 
tions of the pancreas of 6 control rats kept 
for 11 to 18 days on the protein depletion 


diet, focal moderate zymogen degranulation 


was seen(2). There was no loss of basal and 
perinuclear basophilia. No comparable de- 
structive or inflammatory changes were ob- 
served. (See Fig. 2). i 

The livers of some of the rats which had 
been given ethionine showed the histological 
picture of protein depletion as described by 


Elman, Smith, and Sachar(3). In these in- 


stances the liver cells appeared enlarged with 
prominent cell walls and rarified cytoplasm 


with no or very little stainable fat. In other. 


livers, however, the cells were small and 
showed diffuse fatty infiltration(4). 
Comment. The decrease in resistance to 


the pancreas damaging action of ethionine in 


3. Elman, R., Smith, M. G., and Sachar, L. A., 
Gastroenterology, 1943, v1, 24. 

4. Jaffe, E. R., Humphreys, E. A., Benditt, E. P., 
and Wissler, R. W., Arch. Path., 1949, v47, 411. 


young male rats after protein depletion is 
very striking. It is interesting to note that 
the susceptibility of the pancreatic islands to 
the toxic action of alloxan is influenced by age 
and dosage level(5) as well as by the preced- 
ing diet. Houssay and Martinez(6) have 
shown that the toxic and diabetogenic action 
of alloxan increases in rats fed a low protein 
diet and even more in the case of a high lard 
or ox-fat diet. Starvation for a period of 48 
to 60 hours made rats likewise considerably 
more susceptible(7). 


High activity of radioactive sulphur found 
in the pancreas of normal rats after the ad- 
ministration of labelled methionine is thought 
to represent principally the metabolic activity 
of the exocrine portion of the pancreas(8). 
Since ethionine presumably interferes with the 
utilization of methionine(1) the increased 
susceptibility of the rat pancreas under the 
experimental conditions described can be sat- 
isfactorily explained by the depletion of tissue 


5. Charalampous, F. C., and Hegsted, D. M., 
Proc. Soc. Exp. Biot. anD Mep., 1949, v70, 207. 

6. Houssay, B.,; and Martinez, C., Science, 1947, 
v105, 548. 

7. Kass, E. H., and Waisbren, B. A., Proc. Soc. 
Exp. Brov. AND Mep., 1945, v60, 303. 

8. Wheeler, J. F., Lukens, F. D. W., and Gyorgy, 
P., Proc. Soc. Exp. Brov. AND Mep., 1949, v70, 187. 
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protein prior to the administration of the 
drug. 

Summary. Ethionine given to young male 
rats of the Wistar strain on a complete diet 
caused only inconsistent and moderate pan- 
creatic damage. Rats that had been on a pro- 
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tein depletion diet for a period of at least 6 
days showed extensive destruction of the pan- 
creas following the administration of equal 
amounts of the drug. 


Received May 11, 1951. P.S.E.B.M., 1951, v77. 
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in X-Irradiated Laboratory Animals.* 


HELENE WALLACE TOOLAN. 


(18854) 


(Introduced by C. P. Rhoads.) 


From Sloan-Kettering Institute for Cancer Research, New York City. 


Neoplasms fail to grow in heterologous 
hosts unless one or both of two conditions are 
met. Either the tumor is one which has been 
transplanted for many generations or the im- 
plantation is made in sites at which the host 
offers minimal resistance to foreign tissue. 
Examples of these sites are the anterior cham- 
ber of the eye, brain, testes and immature 
tissues such as avian embryos and newborn 
animals. Spontaneous neoplasms, such as 
those of man, have been propagated hetero- 
logously only when implanted in the anterior 
chamber of the eye(1). The percentage of 
failures has been high, even under these cir- 
cumstances, the rate of growth of the tumors 
slow, and the transplantability poor(2). To 


* We wish to acknowledge support of this study 
by funds from the National Cancer Institute, Public 
Health Service, Institution of Research Grants, 
American Cancer Society and the Damon Runyon 
Memorial Fund for Cancer Research. 

Our gratitude is expressed to Dr. C. P. Rhoads 

for his faith and encouragement; to Drs. Stewart, 
Foote and Sunderland of the Pathology Department, 
Memorial Hospital, for their cooperation in the 
procurement of human tumors; to Miss Priscilla 
Goettler who grew the original tumors and trans- 
plants in tissue culture; and to Dr. M. Harland for 
the considerable histological material prepared. 
1, Hegner, C. A., Miinchen Med. Wchnschr., 1913, 
v60, 2722; Greene, H. S. N., Science, 1938, v88, 357; 
Canc. Res., 1942, v2, 649; with Lund, P. K., Canc. 
Res., 1944, v4, 352; Yale J. Biol. and Med., 1950, 
v22, 611. 

2. Schilling, J. A., Snell, A. C. and Favata, B. V., 
Cancer, 1949, v2, 480. Towbin, A., Canc. Res., 
1951, vll, 286 (abst). 


achieve an improved method for growing hu- 
man neoplasms in animals, the work here 
reported was undertaken 

Murphy showed(3) that rats which had 
been X-irradiated would support the growth 
of subcutaneously implanted mouse tumors 
for the duration of the lymphopenia produced 
by the radiation. A modification of this pro- 
cedure has been employed in our experiments. 

Methods and materials. Young adult fe- 
male albino rats (Carworth Farms) and mice 
(Banks strain of Swiss) were employed. The 
rats received 3 doses each of 200 r, total body 
X-irradiation, on alternate days and the mice 
4 doses of 150 r on successive days. Two 
180 kv. tubes were employed (one aboye, one 
below the animal). 

Previously, it had been established that this 
procedure would reduce the total white count 
in the particular strains of animals used, to 
approximately 400-800 mm®. Several extra 
animals were included in each group irradiated 
to check the degree of lymphopenia produced. 
‘Counts were zot made on the animals to re- 
ceive implants since too great a variable is 
introduced by the cardiac puncture required 
to obtain a true picture of the total white 
count of rodents; tail blood is not usable 
because of its hemoconcentration. 

The divided irradiation doses caused no 
symptoms of toxicity in the animals whereas 
a single dose large enough to produce the same 
reduction of white cells often caused diarrhea 
and even an occasional death. It must be em- 


3. Murphy, J., J. A. M. A., 1914, v62, 1459. 
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TABLE I. Results of Subcutaneous Implantation of 100 Human Tumors into X-irradiated 
Rats and Mice. 


H 
' og +p a 
tel) On Hes , SB = = 
a B Zs we gs Pa we rs 
oo gta Oo © O04 oo “a oS _) 
sé Bek: BS2% Stead : 
AS A.8 s Saas Ss a5 mos Fy 
I- Malignant 
48 Epidermoid Ca. 21 15 12 (6 infected) 
10 Ca. breast 1 (poor) 3 (poor) 6(1 ck 
10 Oa. colon, sigmoid or 1 Deane 7 (4 Bo SES) 
rectum 
4 Melanoma ane pee Tey (Gewer eran) 
3 Ca. ovary PEO 2 _ 
3 Osteogenic sarcoma. 2 == 1 
2 Leiomyosarcoma a 1 vo 
2 Fibrosarcoma aL 1 — 
2 Synovioma i uf — 
2 Rhabdomyosarcoma, af — i 
2 Ca. lung — ae 1 
1 Ca. prostate u — — 
1 Malignant mixed tumor aE — — 
parotid 
1 Fascial sarcoma — 1 (not transferred ) —_ 
1 Oa. adrenal cortex — 1 (poor) — 
aL Ca. kidney (‘‘clear cell’’) — il — 
1 Angiosarcoma = == 1 
1 Wilms = — a eae Coreg aaah 
i Ca. uterus — = 1 
96 Sat 31 32 
II - Benign 
2 Mixed tumor parotid — 2 —- 
1 Hemangioma — al _— 
1 Leiomyoma = — if 
4- 0 3 1 
Total: 100 33 34 33 


* Of 33 tumors in which mitotic cells were present for more than one generation, 18 showed 
active mitosis at end of the 2nd generation, 9 at end of the third, and 6 had actively growing 
cells at end of the 4th generation (approximately a month after the original tumors were ob- 
tained); one epidermoid carcinoma was transferred successfully for 9 generations. 


phasized that different strains of the same 
species of animal may vary greatly in their 
susceptibility to radiation. This factor must 
be determined carefully for each strain used. 

Samples of human neoplastic tissue were 
implanted 1-8 hours after removal in X-ir- 
radiated animals which had received their 3rd, 
and final treatment 1-3 days previously. 

Of the 100 tumors implanted, the first 47 
were pressed through a 40 mesh monel metal 
sieve into a sterile Ringer’s solution buffered 
to a pH of 7.35 (3 mg of glucose and 200 
units of penicillin added per cc). Sieving was 
employed to insure suspensions of cells with 
relatively few clumps for implantation. As a 
result, any large masses of tumor subsequently 
found at the implantation sites could be 


ascribed to multiplication of cells rather than 
survival of a graft im toto. Each of the next 
6 tumors was divided into two parts. One 
was sieved as usual, the other minced fine 
enough with scalpels so that the suspension 
would pass through a No. 20 needle. The re- 
maining 47 tumors were minced only. All the 
tissue transplanted beyond one generation 
was minced. 

With few exceptions each tumor suspension 
was implanted subcutaneously in both X- 
irradiated mice and rats, usually in groups of 
6 to 10 each. Mice were given 0.5 cc of the 
concentrated suspension in each flank. The 
rats were either implanted in similar manner 
or in 4 sites, both groins and both axillae. 
On the 8th day after implantation (occasion- 


2 
vd 


574 SUBCUTANEOUS HIETEROTRANSPLANTATION OF HumMAN TUMORS 


FIG. 1. Epidermoid ca. of larynx; 

PIG. 2. Same tumor as in Fig. 1 af 
the many mitotic figures (arrows). Original implantation a sieved sus 

FIG. 3. Same tumor as in Fig. 1 after 3 generations (25 days) in 
tripolar mitosis (arrow A) and other mitotic figures (arrows B). 


sieved suspension of cells. 350. 


original tumor. X 220. 
ter 3 generations (25 days) in X-irradiated rats; note 

pension of cells. 200. 
X-irradiated mice; note 
Original implantation a 
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ally on the 7th or 9th) the animals were killed 
and the nodules at the sites of implantation 


were removed, samples taken for histological 


examination, and the remainder pooled, 
minced and reimplanted in a new group of 
irradiated animals. After 8 days the pro- 
cedure was repeated—the number of subse- 
quent transfers varying with the tumor. 
Choice of the 8th day as an optimum time 
for transplantation was due to the finding that 
the ratio of implanted tumor cells in good 
condition to the amount of host reactive tissue 
was most favorable to the tumor at this time. 
Study of implantation sites in animals allowed 


to survive 10-14 days before sacrifice showed 


that the tumor cells had disappeared in a mass 
of reactive tissue. 


About every fifth tumor was implanted in 
normal as well as in irradiated animals. No 
tumor cells were found after 8 days in the 
untreated hosts. 

Results. On the basis of microscopic ex- 
amination of the samples taken at times of 
transplantation, the results of implanting 100 
human cancers in X-irradiated animals fall 
into 3 equal groups (Table I): (1) Failures: 
In these none of the implanted cells were in 
active mitosis after 8 days in the heterologous 
hosts even though surviving cancer cells might 
be present. (2) Single generation success: 
Here proliferating cells were present at the 
time of the first transplantation attempt but 
none at the second. (3) Multiple generation 
success: Vigorous mitosis was present for two 
or more generations. ; 

With very few exceptions the findings were 
the same for a particular tumor whether im- 
planted in mice or rats, and, in general, they 
were similar for all the animals of a group. 
The size of the nodule at an injection site was 
no indication of the success or failure of the 
implantation since it might be composed en- 
tirely or in large part of reactive tissue. 

Epidermoid carcinomas grew most success- 
fully and a number were transferred for sev- 


_ eral generations. This type of tumor was par- 


ticularly satisfactory, furthermore, because it 
is easily distinguished from the subcutaneous, 
or reactive, tissues of the hosts (Fig. 1-6). 
Other types of neoplasms sometimes grew 
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equally well (Fig. 7-9). The 10 infiltrating 
duct carcinomas of the breast, on the con- 
trary, did poorly even though female hosts 
were used. This might have been due to the 
large amount of stroma and comparatively 
few cancer cells characteristic of this tumor. 


The growths obtained from the sieved cell 
suspensions were as good as those from the 
minced tissue implantations though more cells 
survived when the minced material was used. 
Fig. 2 and 3 show a 3rd generation transplant 
25 days after removal from the patient, and 
Fig. 7 is also a 3rd generation, 22 days 
after removal. The large masses of cancer 
cells, such as those in Fig. 2, necessarily in- 
dicate multiplication since the implanted 
sieved suspensions were composed of indi- 
vidual or at most, small clumps of cells. 

It is of interest that almost all the tumors 
which survived for 2 generations or more in 
the heterologous host showed considerably 
more mitotic activity than did the original 
implants (Fig. 1-6), and none had less. It 
may be that some selective adaptation of cells 
occurred. Implants in successive generations 
were well vascularized (Fig. 6, 9), further- 
more, whereas those that only survived for 
only one generation often were not. As shown 
in Table I, 6 tumors were transferred success- 
fully for 4 generations and one was trans- 
planted for 9. In many instances no attempt 
was made to transfer the material beyond the 
third generation since it was found that the 
tumors eventually died out. The reason ap- 
pears to lie in the fact that only unusual 
mitotic activity during the short 8-day period 
before recovery of the animal from irradiation 
could make up for the considerable mechanical 
loss of cells at the time of transfer. The 
small groups of tumor cells still left in the 
later generations showed no diminution of 
vitality, however, for often fully a fifth of 
them were in mitosis. 

Two factors were correlated with failure of 
the original implantation to survive: (1) In- 
fection. Of 33 tumors in the group of failures, 
13 were contaminated as compared with none 
in the more successful groups. (2) Delay in 
implantation. Time between removal of the 
growth from the patient and implantation in 
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FIG, 4, Transplant of a recurrent squamous Ca. after 2 generations (16 days) in X-ir- 
radiated rats. X 200. 

FIG. 5. Transplant of a metastatic $ from radical neck operation after 2 gen- 
erations (16 days) im X-irradiated rats; imilar to original speci- 
men. X 200. 

FIG. 6, Transplant from epidermoid 
irradiated rats; note blood vessel (arrow 


quamous ¢a. 
tumor well vascularized and s 


generations (17 days) in X- 


ea. of tongue after 2 
x 600. 


A) and numerous mitoses (arrows B). 
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FIG. 7. Transplant of an adenocarcinoma of the rectum after 
X-irradiated mice. The resemblance to the tiss 
tion a sieved suspension of cells. > 800. 

FIG. 8. Fibrosarcoma of the leg, original specimen. X< 180. 

FIG. 9. Transplant of fibrosarcoma (Pig. 8) after 2 generations in X-irradiated rats. 
Growth very similar to original and well vascularized (arrows point to small blood vessels). 


x 180. 


3 generations (22: days) in 
ue of origin is striking. Original implanta- 
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the experimental animals was found to be 
most important. As this exceeded one hour, 
less favorable results were obtained. 

The ideal demonstration of viability would 
have been reimplantation of the material 
grown in heterologous hosts back into the 
original human donor. This was not feasible, 
and so tissue culture was employed to provide 
confirmatory data. Pieces of 3 original epi- 
dermoid carcinomas were cultured in roller 
tubes and the sheets of epidermoid cells which 
grew out were compared with those obtained 
in tissue culture from the subcutaneous nod- 
ules of the first, second, and, in one case, third 
animal transplantations of the same growths; 
they were quite similar. Some mouse or rat 
fibroblasts were present but the typical epi- 
thelial cells predominated. One of these epi- 
dermoid carcinomas was highly anaplastic 
with many multinucleated cells. This same 
type of cell grew out in the tissue cultures 


A Microbiological Method for the Determination of L- and D-Aspartic 


Acids.* 


Merritt N. CAMIEN.t 


It was shown previously (1) that D-aspartic 
acid supported only limited growth of Leu- 
conostoc mesenteroides P-60 with relatively 
short incubation times in asparagine-free 
media. When low concentrations of L-as- 
paragine were present, however, the growth 
response to D-aspartic acid was nearly the 
same as, or better than, that to L-aspartic 
acid. This suggested that Leuconostoc mesen- 
teroides might prove useful for the determina- 
tion of both aspartic acid enantiomorphs in 


* The author is indebted to Professor Marcel 
Florkin for sponsoring this work at the University 
of Liége, to Dr. H. Sarlet, Dr. Gh. Duchateau, and 
Mile L. Buyel for valuable assistance, and to Mme 
L. Pasleau for making the nitrogen determinations. 

+U. S. Fulbright Scholar. Present address: De- 
partment of Chemistry, University of California, 
Los Angeles. 

1. Camien, M. N., and Dunn, M. S., Proc. Soc. 
Exp. Brot. anp Mep., 1950, v75, 74. 
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from the original tumor and from the second 
transplant nodule. Unfortunately, no effort 
was made to culture material from the first 
transplant generation. 


Summary. (1) Of 100 human neoplasms — 
subcutaneously in X-irradiated © 
rats and mice as sieved or minced cell sus- 
pensions, 33 had no mitotic cells at the 
end of the first generation (8 days), 34 
showed cellular proliferation at the end of the — 
first generation but could not be transferred | 
successfully to a second, and 33 were trans- 

planted for 2 generations or more with evi- 
dence of active growth and vascularization. — 
(2) Epidermoid carcinomas were most success- — 
fully propagated. (3) Failures were in part . 
due to infection and to delay between surgical © 
removal of the tumor and its implantation in | 
the heterologous hosts. | 
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hydrolysates of biological materials. The 
method which was subsequently developed 
for this purpose is described. 


Experimental. The stock standard solution 
contained 4.00 mg of L-aspartic acid,t 1.00. 
mg of D-aspartic acid,+ and 0.05 ml of 12 NV 
hydrochloric acid per ml. It was stored at 
room temperature and diluted as required just 
before using. The diluted standard solutions’ 
were added in amounts of from 0.2 ml to 1.0 
ml per tube to give a range of total aspartic 
acid concentrations of from 0 to 70 y per 
tube in steps of 5 y per tube. Each level! 
was tested in triplicate. The standard was set 


t+ These products, the same as those described 
previously(1), were kindly supplied by Dr. Max 
S. Dunn. 

§ A 3 N NaCl solution was added, taking inte 
account amount of NaCl formed in neutralizing 
HCI acid present. 
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up in the same manner for both L- and total 
aspartic acid assays, but since only 80% of 
the aspartic acid in the standard solutions was 
L-aspartic acid, the L-aspartic acid standard 
curve ranged from 0 to 56 y per tube in steps 
of 4 y per tube. 

Samples. Dried cells of Lactobacillus ara- 
binosus 17-5, Streptococcus faecalis R, and 
Leuconostoc mesenteroides P-60 were pre- 
pared according to the procedure employed 
previously(2). 1.5 g of each of these prep- 
arations and of a sample of casein (“vitamin 
test casein,” General Biochemicals, Inc.) were 
hydrolysed by refluxing for 20 hours with 15 
ml of 8 N hydrochloric acid. Each hydroly- 
sate was filtered into a 100 ml volumetric 
flask, diluted to volume, and stored at room 
temperature. Aliquots were diluted further 
\as required on the day of each experiment. 
Five levels of diluted hydrolysate, each in 
triplicate and ranging from 0.2 ml to 1.0 ml 
per tube, were tested for each sample. 

Bromthymol blue was added during the 
preparation of diluted standard and sample 
solutions to facilitate neutralizing, and each 
final solution was prepared to contain 17.5 
mg of sodium chloride and 0.008 mg of brom 
thymol blue!l per ml at about pH 6.2. A 
“blank” solution containing the same concen- 
trations of sodium chloride and bromthymol 
blue was employed to bring the volume in each 
test tube to 1.0 ml before adding the medium. 

The basal medium was the same as that 
employed previously(1), except that sodium 
chloride, norleucine, and norvaline were omit- 
ted and the concentration of each amino acid 
‘was increased by 50%. The basal medium 
was modified for the determination of L- 
aspartic acid by adding 60 mg of D-aspartic 
acid per 200 ml of medium (sufficient for 100 
assay tubes, each containing 3 ml final volume 
after adding medium and sample) and adjust- 
ing the pH to 5.5. The basal medium was 


2. Camien, M. N., Salle, A. J., and Dunn, M. S., 
‘Arch, Biochem., 1945, v8, 67. 
{1 ml of a 0.8 mg per ml! solution of brom- 
thymol blue in 5% ethanol was added per 100 ml 
of final dilution. 
_ || The method of setting up the standard was 
analogous to that described previously (3). 
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modified for the determination of total (L- 
plus D-) aspartic acid by adding 4.5 mg of 
L-asparagine monohydrate per 200 ml of me-~ 
dium and adjusting the pH to 6.5. 2 ml of 
medium were used per tube. The racks of 
tubes were covered with clean towelling, 
heated rapidly to 120° in the autoclave, held 
at that temperature for 10 minutes and cooled 
rapidly before inoculating. 

The inoculum of Leuconostoc mesenteroides 
P-60 was ‘the same as that employed pre- 
viously(1), except that the growth from 7 ml 
of inoculum medium was resuspended in 100 
ml of sterile saline, and 0.1 ml of this suspen- 
sion was used to inoculate each tube. The 
inoculated tubes were incubated at 35°. The 
incubation period was from 39 to 42 hours 
for the L-aspartic acid determinations and 
from 63 to 66 hours for the determinations of 
total aspartic acid. The tubes were heated in 
the autoclave at 100° for 20 minutes to ter- 
minate growth. ‘Titrations and calculations 
were carried out as described previously (3). 

Discussion. Rather large changes in the 
“blank” response of Leuconostoc mesenter- 
oides to L-aspartic acid were found to accom- 
pany variations in incubation time and tem- 
perature when the basal medium contained 
an excess of D-aspartic acid (Fig. 1). It was 
particularly desirable with the L-aspartic acid 
determinations, therefore, to be certain that 
the incubation temperature was precisely the 
same for each of the assay tubes and to ter- 
minate growth simultaneously in all the tubes 
at the end of a given experiment. The incu- 
bator used in the present experiments was 
found to produce a highly uniform tempera- 
ture, although it seems likely that the relia- 
bility of a constant temperature water bath 
might be much superior in this respect. The 
incubation period for the L-aspartic acid de- 
terminations was kept relatively short (39 to 
42 hours at 35°) to avoid excessively high 
“blank” titrations. 

The initial pH of the medium was also 
found to influence the “blank” response to 
L-aspartic acid (Fig. 2). This effect did not 


3. Dunn, M. S., Camien, M. N., Malin, R. B., 
Murphy, E. A., and Reiner, P. J., Univ. Calif. Publ. 
Physiol., 1949, v8, 293. 
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FIG. 1. Response to L-aspartice acid in medium containing 20 mg % D-aspartie acid. Curves 
A and B were obtained with 38 and 62 hr incubation, respectively, at 39°. Curves C and D were 
obtained with 38 and 62 hr incubation, respectively, at 33°. The values on the horizontal scale 
represent the y of aspartic acid per tube, and values on vertical scale are calculated as ml of 
0.01 N NaOH required to titrate 1 ml of culture. 

FIG. 2. Response to L-aspartic acid with 38 hr ineubation in media containing 20 mg % 
p-aspartie acid. Initial pH of medium was 5.5, 6.0, and 7.0, respectively, for the lower, middle, 


and upper curves. Coordinates are as in Fig. 1. 


FIG. 3. Typical standard eurves for determination of L-aspartic acid (upper curve) and total 
(t- plus D-) aspartic acid (lower curve). Coordinates are as in Fig. 1. 


appear to result from destruction of nutrients 
in the medium during sterilization at the lower 
pH values since essentially the same results 
were obtained whether the pH was reduced 
before or after sterilization. An initial pH of 
5.5 in the L-aspartic acid assay medium ap- 
peared to be best, and although the “blank” 
was relatively high even under these condi- 
tions (Fig. 3), the assays by this method 
were reproducible and accurate to a satisfac- 
tory degree (Tables I and II). 

When the basal medium contained low con- 
centrations of L-asparagine, mixtures of L- and 
D-aspartic acids were usually slightly more 
active than L-aspartic acid alone. For this 
reason a mixture of L- and D-aspartic acids 
was used rather than L-aspartic acid alone as 
standard in the determinations of total aspar- 
tic acid. By using a 4 to 1 ratio of L-aspartic 
acid to D-aspartic acid it was possible to use 
the same standard solutions for the total as- 
partic acid standard (range, 0 to 70 y per 
tube) as for the L-aspartic acid standard 
(range, 0 to 56 y per tube). Typical standard 
curves for L-aspartic acid and total aspartic 
acid determinations are shown in Fig. 3. 

Recoveries of L-aspartic acid from samples 


containing no D-aspartic acid were low (be- 
cause L-aspartic acid is less active than mix- 
tures of L- and D-aspartic acids under these 
conditions) as determined by the total as- 
partic acid assay method (Table I). With 
this exception, however, satisfactory recover- 
ies of L- and D-aspartic acids from mixtures 
of pure amino acids (Table I), from casein 
hydrolysate (Table I), and from hydroly- 
sates of bacterial cells (Table II) were con- 
sistently obtained. 

The aspartic acid values found at the dif- 
ferent test levels were found to be reproduci- / 
ble to a satisfactory degree with both the 
method for L-aspartic acid and that for total 
aspartic acid. The mean per cent deviation 
from the mean was calculated for each “final” 
value (the mean of the individual values 
found at the 4** or 5 sample levels), and the 
average mean deviation from the mean (cal- 
culated from all the values obtained by these 
methods) was 2.1% with the method for L- 


** Five sample levels were tested in each case, 
but when one of the 5 values was different from the 
value nearest it by an amount greater than the 
range of the other four values, this value was omitted 
in calculating the mean value. 
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TABLE I. Recovery of L- and p-aspartie Acids from Mixtures of Pure Amino Acids and from 
Casein Hydrolysate. 


——dded———, —— Found 4 
L-aspartie  D-aspartic ——_L-aspartic acid. ~ —— Total aspartie acid——, 
acid acid Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 
% in amino acid mixture* 
100 99.6 99.6 99.6 90.4 94.6 93.6 
50 50 49.5 49.2 49.2 97.6 98.4 99.4 
0 100 0 0 0 98.6 98.8 100.2 
3.45 0 3.54 3.41 3.69 3.21 3.25 3.21 
2.76 -69 2.98 3.48 
2.07 1.38 2.12 3.44 
1.73 1.72 ACL 1.74 1.81 3.45 3.40 3.48 
69 2.76 71 3.40 
0 3.45 0 0 0 3.38 3.43 3.47 
‘ g per 100 g of caseint 
0 0 7.61 7.54 7.61 7.88 7.95 7.71 
8.10 0 15.41 15.73 15.31 15.48 15.89 15.60 
0 8.10 7 AA 6.99 7.22 15.79 15.87 15.89 


* Mixtures containing 3.45% (total) aspartic acid contained also 6.9% each of pt-alanine, 
L-arginine « HOl, L-cystine, u-glutamic acid, L-histidine - HCL - HO, pu-isoleucine, L-leucine, DL- 
methionine, DL phenylalanine, L-proline, DL-serine, L-tryptophan, L-tyrosine, and pt-valine. 

+ N was determined in the hydrolysate and the casein concentration calculated as N X 6.25. 
The hydrolysate contained 13.17 g of soluble N per 100 g (uncorrected) of casein. 


TABLE II. Recovery of L- and D-aspartic Acids from Hydrolysates of Bacteria. 


i Added, 


g per 100 g bacterial protein* 


Found t———_____, 


L-aspartie D-aspartic L-aspartice Total aspartic 
Bacteria acid acid acid acid 

L. arabinosus 0 0 8.71 (8.49-9.17) 9.18 (9.07—9.33) 
9.15 0 18.58 17.92 
0 9.15 8.74 18.14 

S. faecalis 0 0 7.04 (6.84-7.26) 9.19 (9.09-9.384) 
9.26 0 16.37 18.25 
0 9.26 7.03 18.13 

L. mesenteroides 0 0 7.74 (7.64-7.89) 11.10 (10.83—-11.34) 
9.4 0 17.07 20.40 
0 9.4 7.40 20.28 


* N was determined in the hydrolysates and the protein calculated as N X 6.25. 


The 


hydrolysates of L. arabinosus, S. faecalis and L. mesenteroides contained, respectively, 9.72, 
9.47 and 9.61 g of soluble N per 100 g of bacteria (dry wt, uncorrected for any residual mois- 


ture which might have been present). 


+ The values given for bacteria without additions of aspartic acid are averages of four in- 
dependent determinations, ranges being given in parentheses. Other values represent single 


determinations. 


aspartic acid and 1.3% with that for total 
aspartic acid. 

_ Only small amounts of D-aspartic acid (the 
difference between L-aspartic acid and total 
aspartic acid) were detected in the hydroly- 
sates of casein and Lactobacillus arabinosus 
cells (Tables I and IL). Much more D-as- 
partic acid was found in the hydrolysates of 
Streptococcus faecalis and Leuconostoc mesen- 
teroides cells (Table IL), however, amounting 
to 23.4% and 30.3%, respectively, of the total 
aspartic acid. Although it is not impossible 


that such large amounts of D-aspartic acid 
may have been produced by racemization, it 
seems likely that the values found represent 
the approximate amounts of D-aspartic acid 
originally present in the protoplasm of these 
bacteria. That a relatively large amount of 
D-aspartic acid was found in the cells of 
Leuconostoc mesenteroides (Table II) lends 
support to the suggestion made previously(1) 
that D-aspartic acid may be an essential 
metabolite for this organism. 

The average value, 7.85%, found for total 
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aspartic acid in casein (Table I) was consider- 
ably greater than that reported by Hac and 
Snell(4). However, the latter was corrected 
only for the moisture content of the casein 
sample, and the true value must have been 
somewhat higher, if impurities other than 
moisture were present in significant amounts. 
The values obtained in the present experi- 
ments were calculated on the basis of 16% 
nitrogen in casein, and the nitrogen was deter- 
mined in the hydrolysate. This procedure 
would give high values either if the true value 
for nitrogen in casein were significantly less 
than 16% or if a significant amount of the 
casein nitrogen were insoluble in the hydroly- 
sate (insoluble humin was removed by filtra- 
tion before the nitrogen determination was 


4. Hac, L. R., and Snell, E. E., J. Biol. Chem., 
1945, v159, 291. 


A Modified Procedure for Determining Inulin Space.* 


Ropert M. BERNE AND Mattuew N. Levy. 


MopiFtep INULIN SPACE DETERMINATION’ _ 


made). The use of a more painstaking pro- 
cedure did not seem warranted in the present 
experiments because the available casein sam- 
ple was not one which had been carefully pre- 
pared and highly purified. 


Summary. A microbiological procedure 
was developed for the determination of L- 


and D-aspartic acids with Leuconostoc mesen- ° | 


teroides P-60. Added L- and D-aspartic acids  }} 
were recoyered~adequately from amino acid | 
mixtures and hydrolysates of casein and bac- 
terial cells. Only small amounts of D-as- 
partic acid were detected in casein and in 
Lactobacillus arabinosus cells, but in Strepto- 
coccus faecalis and Leuconostoc mesenteroides 
cells about one-fourth to one-third of the total 
aspartic acid was of the D- configuration. 
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(Introduced by Carl J. Wiggers.) 


From the Department of Physiology, Western Reserve University School of Medicine, Cleveland, O. 


Although the inulin space may be a some- 
what vague entity, inulin has recently come 
into importance as a tool in the estimation of 
extracellular space. The inulin space is de- 
termined by dividing the total amount of 
inulin present in tthe animal by the plasma 
concentration after an equilibrium has been 
established between the plasma and the inter- 
stitial compartments. The simplest way to 
compute this quantity of retained inulin is to 
subtract the amount excreted up to the time 
of equilibration from the total amount given. 
Such a procedure has been criticized by 
Kruh¢gffer(1) on the grounds that the sub- 
trahend is a relatively large fraction of the 
minuend and a small per cent error in either 
of these factors is magnified considerably in 
calculating the difference. Gaudino and 
Levitt(2) claimed that following a 2-hour 


* Supported by a grant from the U. S. Public 
Health Service. 

1. Kruhgffer, P., Acta physiol, scandinav., 1946, 
vl1l, 16. 


inulin infusion, all the inulin is excreted within 
4-6 hours. Therefore, they tried to obviate 
the difficulty inherent in the original method 
by computing inulin space as the ratio of the 
quantity of inulin excreted within 5 hours 
following termination of the infusion to the 
concentration of inulin in the plasma. 

In using their method it was found that a 
much longer time was required to approach 
complete recovery. Therefore we have at- 
tempted to improve the accuracy and ex- 
pediency of the inulin space determination 
by introducing a slight modification of the 
original method. 

Methods. Thirteen experiments were per- 
formed on 10 female dogs under pentobarbital 
anesthesia. Pure dry inulin which was fruc- 
tose and pyrogen freet was accurately weighed 


2. Gaudino, M., and Levitt, M. F., Am. J. Physiol., 
1949, v157, 387. 
‘ + Pfanstiehl inulin which was checked repeatedly 
against recrystallized standards from different labora- 
tories. 


Mopiriep INULIN SPACE DETERMINATION 


583 


TABLE I. Data from 6 Inulin Experiments in Which Post-Infusion Urine Collection Was 
Limited to 5 Hr. 


Inulin exereted 


Inulinadmin- during infusion, 


Inulin excreted 
in 5 hr after in- 


—Inulin unreeovered in 5 hr—- 


Dog istered, mg % of admin. fusion, % ofadmin. %ofadmin. % of remain.* 
1 1932 59.5 35.2 5.3 13.2 
2 1757 65. 28.9 6.1 17.3 
2 2022 70.6 27.3 2,1 7.3 
3 2296 61.8 37 1.2 3.2 
3 2417 58.1 34,8 Tegal 16.9 
3 2010 67.4 27.9 4.7 14.4 
Avg 63.7 31.9 4.4 12.1 


* Amt remaining in dog at moment infusion is terminated. 


and dissolved in a known volume of warm 
saline. After plasma and urine blanks had 


' been obtained this warm inulin solution was 


administered intravenously at a constant rate 
with a mercury pump over a 2-hour period. 
This time interval was found by Gaudino 
and Levitt to be adequate to attain a uniform 
concentration of inulin throughout the extra- 
cellular space. However, this may not be 
sufficient time in all cases since Leonards(3) 
found that 6 hours were required to reach 
equilibrium in 2 nephrectomized dogs follow- 
ing a single injection of inulin. Urine was 
collected during this equilibration period. In 
order to be certain that none of the inulin in 
solution had precipitated out during the in- 
fusion period the concentration of inulin in 
the few remaining cubic centimeters was de- 
termined by chemical analysis. This checked 
with the actual value within the range of error 
of the experimental method. Precisely at the 
termination of the infusion plasma samples 
were drawn, the bladder was washed, and 
further urine collections were made. The 
amount of inulin remaining in the infusion 
flask and tubing at the end of 2 hours was 
then measured to within 0.1 to 0.2 cc. Inulin 
space was calculated by dividing the difference 
between the amount of inulin administered 
and the amount excreted during the infusion, 
by the plasma concentration, as well as by the 
method of Gaudino and Levitt. In the first 
6 experiments urine was collected for 5 hours 
after the infusion was stopped, while in the 
last seven experiments collection was con- 
tinued for from 8-11.5 hours. All inulin de- 
terminations were made by the method of 


_3, Leonards, J., Personal communication. 


Higashi and Peters(4). As a check on the 
method, known amounts of dry inulin were 
added to urine or saline and recovery studies 
were carried out with each experiment. The 
mean of the per cent difference between the 
known concentration of inulin and that de- 
termined chemically was 1.81 with a S.D. of 
+1.24. Correction for dead space was not 
made since it has been amply shown that the 
capacity of the ureters and pelves vary from 
time to time and that appearance time does 
not bear a linear relationship to the rate of 
urine flow(5,6). Besides, this correction is 
only of importance in calculating the inulin 


space and has no bearing on the inulin re- 


covery data. 

Results. Table I lists the data compiled 
from the first 6 experiments. On the average 
63.7% of all the inulin given was excreted 
during the 2 hour equilibration period, while 
an additional 31.9% was excreted in the fol- 
lowing 5 hours. In none of these experiments | 
was all the inulin recovered in 5 hours. An 
average of 4.4% of the total amount of inulin 
administered remained in the dogs at the end 
of 5 hours. 

Expressed in per cent of the amount of 
inulin present in the dog at the moment the 
infusion was interrupted, an average value of 
12.1% was obtained. Since this quantity 
of inulin is the numerator in the calculation 


4. Higashi, A., and Peters, L., J. Lab. and Clin. 
Med., 1950, v35, 475. 

5. Berger, E. Y., Dunning, M. F., Steele, J. M., 
Jackenthal, R., and Brodie, B. B., Am. J. Physiol., 
1950, v162, 318. : 

6. Morales, P. A., Crowder, C. H., Fishman, A. P., 
Maxwell, M. H., and Gomez, D. M., Am. J. Physiol., 
1950, v163, 454. 
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TABL® Il. Data from 7 Inulin Experiments in Which Post-Infusion Urine Collection Was Extended 
Beyond 5 Hr. 


Inulin unrecovered Inulin excreted Unrecovered 
in 5 hr atter 5 hr inulin 
a6 Es * 28 * * . 
Beg SHY 4 # 2h S i= < RI | 
ap Sen aes 4 S pe -d S = 
fF  §8e §o8 bb Be 8 ae 
AMS o op S akudad S rs 35 S ba es Pa 
fn AH a O-4 oH 1H, my oH Hy uy Ca 
9 3 FI Bs fo} Bsin'n g fo} fo} a S fo} ° fo) 3° 
A 48 See eee eee oe ae 8 s x 
4 1686 73.2 22:3 4.5 17 Di are 10.4 nF 6.6 
5 1862 59.9 30.3 9.8 24.4 bet Bll 7.8 6.7 16.6 
6 1707 70.7 20.0 3.6 12.2 6.5 sf) 1 3.3 11.2 
7 2163 Goey 21.4 4.9 18.8 6.3 1.4 5.4 30 13.4 
8 1914 72 26.5 16 Dee pie ilsye 6 -.2 —.8 
9 2290 58.8 32.4 8.8 2155 3 4,1 9.9 4.7 11.6 
10 2079 46.4 39.5 14.1 26.3 3ua 4.7 8.8 9.4 17.5 
Avg 65 28.3 6.7 17.9 4.6 2.6 7 4.1 10.9 


* Amt remaining in dog at moment infusion is terminated. 


of the inulin space, an equivalent error is in- representing the total amount remaining at 
curred in this determination. the time of equilibration, an error of 3.2 to 
In Table II data are recorded from a second 26.3 averaging 15% was obtained in 13 experi- 
group of experiments in which urine was col- ments. To this must be added the error of 
lected for longer than 5 hours. In this series the method for inulin determination in urine. 
too, inulin recovery was incomplete after 5 Extension of the urine collection period to 8 
hours. The average amount missing is greater to 11 hours reduces the average error to 
than in the first 5 experiments, while the 10.9%. However, by accurately weighing the 
amount of inulin recovered after 5 hours was dry inulin and dissolving it in a known quan- 
7% of that present in the dog at the time of _ tity of saline, the amount administered can be 
equilibration. determined within a 0.1% error. Using the 
In one experiment (dog 8) inulin recovery method of Higashi and Peters(4) the average 
was complete in 8.3 hours while in the other error in determining the inulin concentration 
6, significant quantities of inulin remained in in the urine excreted during the infusion was 
the dog after 8.0 to 11.5 hours of urine col- found to be 1.81%. Since two-thirds of the 
lection. Inulin space determinations, using administered inulin is excreted during the 
the inulin recovered in 8.0 to 11.5 hours after infusion, a total error of 3.8% is obtained 
the infusion, show an average error of 10.9%. in the calculation of the unexcreted inulin and 
These data show complete inulin recovery consequently an equal error in the estimation 
was not attained in any experiment in 5 hours. of the inulin space. Therefore the failure of 
and in only one out of 7 experiments in 8 to the dog to eliminate all of the inulin in 5 
11 hours, which is in keeping with the fact hours of urine collection introduces an error 
that inulin is excreted exponentially, approach- about 3 times as great as that obtained /by 
ing complete elimination asymptotically(7,8). calculating this figure from the difference of 
Discussion. There are two distinct ad- the amount infused and the amount excreted 
vantages in calculating the inulin space as we during the infusion. Extension of the urine 
have done. First of all the error is smaller. collection period only partially reduces the 
When the inulin space is computed using the error in the method of Gaudino and Levitt, 
amount of inulin collected in 5 hours as_ and necessitates a long drawn out experiment 
7. Schwartz, I. L., Schachter, D., and Freinkel, N., eT ee! 
J. Clin. Invest., 1949, v28, 1117. Secondly, the method of differences which 
8. Schachter, D., Freinkel, N., and Schwartz, I. L, We have employed is less time consuming since 
Am. J. Physiol., 1950, v160, 532. the entire procedure is limited to the period 
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necessary for equilibration to be reached. With 
increased extracellular volume ‘the time for 
equilibration to be reached is longer and the 
time for post-infusion urine collection becomes 
extremely long, making the inulin space de- 
terminations impractical under such condi- 
tions. 


No satisfactory explanation can be offered 
to account for ‘the difference in inulin recovery 
in our hands and those of Gaudino and Levitt. 
The possibility that light anesthesia sig- 
nificantly altered the rate of diffusion of inulin 
in our experiments has not been excluded. 

Summary. 1. Inulin recovery was found 
to be incomplete in five hours after the termi- 


Role of Fat on Utilization of Lactose in Milk by Rats and Rabbits. 
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nation of a two-hour inulin infusion. Since 
the unrecovered inulin amounted to an aver- 
age of 15% of the inulin present in the dog at 
the time of equilibration, an equivalent error 
was introduced into the calculation of the 
inulin space by the method of Gaudino and 
Levitt. 2. By administering a solution made 
from pure, accurately weighed, dry inulin, 
and determining the inulin content of the 
urine excreted during the infusion, the amount 
of inulin remaining in the dog can be com- 
puted with an average error of only 3.8%. 
In addition, the time needed for urine collec- 
tion is greatly reduced. 
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SACHCHIDANANDA BANERJEE. 


From the Department of Physiology, Presidency College, Calcutta, India. 


The role of fat on the utilization of lactose 
or galactose by rats was reported by several 
workers(1-5). Rats cease to grow and die 
if lactose or galactose is the only source of 
carbohydrate. Growth is continued and death 
is averted if fat is included in the diet(1). 
Rats fed skim milk excrete galactose in urine 
and addition of fat prevents this loss in urine 
(2). The percentage of ingested galactose 
excreted in the urine is inversely proportional 
to the percentage of fat in the diet(4). It is, 


however, not clear how fat helps in the utiliza- 


tion of galactose. In a normal animal ingested 
galactose is converted into glycogen in the 
liver(6). It is probable that in the absence of 
fat in the diet liver can not convert galactose 
into glycogen. Glycogen content of the liver 


1. Guha, B. C., Biochem. J., 1931, v25, 1385. 

2. Schantz, E.* J., Elvehjem, C. A., and Hart, 
E. B., J. Biol. Chem., 1938, v122, 381. 

3. Geyer, R. P., Boutwell, R. K., Elvehjem, C. A., 
and Hart, E. B., J. Biol. Chem., 1945, v162, 251. 

4. Nieft, M. L., and Deuel, Jr., H. J., J. Biol. 
Chem., 1947, v167, 521. 

SAeZaalcta, Jr. b. FS and Mitchel,-H. H:, J: 
Nutrition, 1945, v30, 147. 

6. Bell, D. J., Biochem. J., 1936, v30, 1612. 


of skim milk-fed and whole milk-fed rats was, 
therefore, determined. As galactose is mainly 
present in the nervous tissue as a constituent 
of cerebroside it was of interest to study 
whether skim milk-fed rats could utilize 
galactose for the synthesis of cerebroside of the 
brain. To study if fat is necessary for the 
metabolism of galactose in other species of 
animals the effect of feeding skim milk on 
urinary excretion of galactose by rabbits was | 
also studied. 


Experimental. Effect of feeding skim milk 
and whole milk on urinary excretion of galac- 
tose and on glycogen deposition in the liver 
of rats. Male rats weighing between 68 and 
98 g were taken. Eight rats were fed ad 
libitum mineralised(2) skim milk for 15 days. 
Each rat was kept in a metabolism cage and 
the urine was collected under toluene. For 
the next 2 days the rats were fed daily 80 
cc of skim milk per rat. Nine rats were fed 
mineralised whole milk for 15 days and for 
the next 2 days each of the rats received daily 
40 cc of whole milk isocaloric with 80 cc 
of skim milk. The rats also received 2 drops 
of a concentrate of vit. A, D and K twice a 
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TABLE I. Urinary Excretion of Galactose and Glycogen Value of Liver of Rats Fed Whole 
Milk or Skim Milk for 15 Days. Whole milk-fed rats received isocaloric amount of milk as 
consumed by skim milk-fed rats for last 2 days of experiment. 


Ingested galac- Glycogen 
No. of Wt at tose excreted per 100 g 
rats used death, g in urine, % liver, mg 
Skim milk-fed rats 8 89 22.5 12.6 
(82-100) (16.2—32.4) (9-17) 
Whole milk-fed rats 9 98 0 776 
(84-120) (405-1847) 
Diff. of means 763.4 
Std error of diff. sa 161 
t 4.7% 


* Highly significant. 


week. Sugar excreted in 'the urine was esti- 
mated with Benedict’s quantitative reagent 
and calculated as galactose after standardizing 
the reagent against pure galactose. The sugar 
in the urine was identified as galactose(2). 
On the eighteenth day of experiment the rats 
were stunned by a blow on the head, neck 
veins were cut and livers were removed. Gly- 
cogen in the liver was estimated by the method 
of Grattan and Jensen(7). Percentage of 
the ingested galactose excreted in the urine on 
the last day of experiment and the glycogen 
value of the liver are given in Table I. 

Effect of feeding skim milk and whole milk 
on cerebroside content of the brain and fat 
content of liver of rats. Weanling rats weigh- 
ing between 31 and 56 g were divided into 2 
groups. One group was fed ad libitum for 7 
weeks skim milk prepared by mixing 10 g skim 
milk powder with 90 cc water in a Waring 
blender. The milk was mineralised(2). The 
second group of rats was fed for 7 weeks whole 
milk prepared by mixing 12 g of whole milk 
powder with 88 cc water. The rats also re- 
ceived 2 drops of a concentrate of vit. A, D 
and K twice a week. Rats were weighed on 
alternate days and galactose in urine was esti- 
mated daily. Skim milk-fed rats excreted 
galactose at the later stage of the experiment. 
The whole milk-fed rats did not excrete any 
galactose. The animals were killed after 7 
weeks and brain and livers were removed for 
the estimation of cerebroside and fat respec- 
tively. 


Estimation of cerebroside. The brain was 


7. Grattan, J. F., and Jensen, H., J. Biol. Chem., 
1940, v135, 511. 


weighed and spread on a washed filter paper 
of 9 cm diameter. The filter paper was rolled 
and placed inside a glass thimble with per- 
forated walls, which was suspended from the 
lower end of a condenser fitted into a 125 cc 
conical flask with a ground glass joint. The 
brain was defatted by extraction with ace- 
tone in a boiling water bath for 4 hours and 
then extracted with aldehyde-free ethanol 
for another 4 hours. The ethanol extract was 
transferred into a 50 cc centrifuge tube and 
kept in a refrigerator overnight. The precipi- 
tate was discarded and the supernatant was 
made up to a definite volume with absolute 
ethanol. Cerebroside was determined in an 
aliquot of the extract by the method of Brand 
and Spery(8) slightly modified. The results 
are given in Table II. Estimation of liver fat. 
Fat content of livers of rats was estimated 
according to the method described by Chat- 
topadhyay, Nandi and Banerjee(9). The 
results are given in Table II. 


Relation of fat to utilization of lactose by 
the rabbit. Adult rabbits did not consume 
milk when supplied exclusive. of other diets 
and died of inanition. Rabbits given milk 
from birth learn to drink it and gain in weight. 
Six rabbits born in this laboratory were given 
milk from birth, 3 received skim milk and the 
rest whole milk for 2 months. The rabbits 
were housed in individual metabolism cages 
and urine was collected under toluene. Sugar 
in the urine was estimated daily. None of the 


8. Brand, F. C., and Spery, W. M., J. Biol. Chem., 
1941, v141, 545. 

9. Chattopadhyay, H., Nandi, N., and Banerjee, S., 
Indian J. Physiol. and All. Sci., 1950, v4, 65. 
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TABLE II. Cerebroside Content of Brain and Fat Content of Liver of Rats Fed Whole Milk 
or Skim Milk ad libitum for 7 Weeks. 


Gain in Cerebroside 
No. of Wt at wt per per 100 g Fat per 100 g 
rats death, g week, g brain, mg liver, g 

Skim milk-fed rats 9 96 8 7 5 

(80-106) (6-10) (412-982:) (4.2-6 ) 
Whole milk-fed rats 8 132 12 676 6.8 

(111-161) (8-16) (502-876) (6.1-7.6) 
Diff. of means + 65 1.8 
Std error of diff. 1.18 83 35 
t 3.4 .8* 5.2 


* Except for this value, all values of ¢ are highly significant. 


rabbits excreted sugar in the urine. 


Results. Skim milk-fed rats excreted galac- 
tose in urine. The glycogen values of their 
livers were significantly lower than the values 
obtained in rats fed isocaloric amounts of 
whole milk. Considerable amount of fat was 
present in the liver of skim milk-fed rats. The 
cerebrosides content of brains of whole milk 
and skim milk-fed rats did not differ sig- 
nificantly. Skim milk-fed rats grew at a lesser 
rate than the whole milk-fed rats. Rabbits 
fed skim milk for 2 months did not excrete 
sugar in the urine. 


Discussion. The diminished glycogen values 
of the liver of skim milk-fed rats possibly 
indicate that galactose is not converted into 
glycogen in the liver of rats in the absence of 
fat in the diet. The galactose, therefore, goes 
into the blood stream and being a low thresh- 
old substance is excreted by the kidney. 
Galactose, however, can be partly utilized in 
the absence of liver(10). The normal cere- 
brosides content of skim milk-fed rats indicate 


that galactose is partly utilized by these rats 
in the formation of cerebrosides. The pres- 
ence of considerable amounts of fat in the 
liver of skim milk-fed rats might be due to 
partial conversion of galactose into liver fat. 
Fat is not necessary for the utilization of 
lactose by the rabbits, 

Summary. (1) The glycogen and fat con- 
tents of the liver are significantly diminished 
in the rats fed skim milk. (2) The cerebroside 
content of the brain of the skim milk-fed and 
whole milk-fed rats did not differ significantly. 
(3) Urinary excretion of galactose by the 
skim milk-fed rats might be due to non-con- 
version of galactose into glycogen in the liver. 
(4) The skim milk-fed rats utilized galactose 
to form cerebrosides of the brain and fat of 
the liver. (5) Unlike rats, rabbits fed skim 
milk for 2 months did not excrete galactose 
in urine. 


10. Bollman, J. L., Mann, F. C., and Power, M. H., 
Am. J. Physiol., 1935, v111, 483. 
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NO ROOM FOR DOUBT... 


yet year after year laboratory projects prove 
to be inconclusive because of inconsistent and 
undependable reagents. ~For more than 11 
years CARWORTH FARMS has been experi- 
menting with newer and more advanced 
methods of improved guinea pig complement 
production and 


“VACSEAL” GUINEA PIG COMPLEMENT 
represents the culmination of these many years 
of efforts. 
Our large output enables us to pool the serum 
of no less than 100 guinea pigs per lot, assuring 
the highest titer uniformity. 
“VACSEAL” is packaged in high vacuum all 
glass containers. It is distributed in three 
sizes with a special diluent for restoration to 
the following amounts: 

3cc. 7cc. 20cc. 
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